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NASA STI Program ... in Profile

Since its founding, NASA has been dedicated
to the advancement of aeronautics and space
science. The NASA scientific and technical
information (STI) program plays a key part in
helping NASA maintain this important role.

The NASA STI program operates under the
auspices of the Agency Chief Information
Officer. It collects, organizes, provides for
archiving, and disseminates NASA’s STI. The
NASA STI program provides access to the
NASA Aeronautics and Space Database and its
public interface, the NASA Technical Report
Server, thus providing one of the largest
collections of aeronautical and space science
STI in the world. Results are published in both
non-NASA channels and by NASA in the
NASA STI Report Series, which includes the
following report types:

e TECHNICAL PUBLICATION. Reports of
completed research or a major significant
phase of research that present the results of
NASA Programs and include extensive data
or theoretical analysis. Includes
compilations of significant scientific and
technical data and information deemed to
be of continuing reference value. NASA
counterpart of peer-reviewed formal
professional papers but has less stringent
limitations on manuscript length and extent
of graphic presentations.

e TECHNICAL MEMORANDUM.
Scientific and technical findings that are
preliminary or of specialized interest,
e.g., quick release reports, working
papers, and bibliographies that contain
minimal annotation. Does not contain
extensive analysis.

e CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

e CONFERENCE PUBLICATION.
Collected papers from scientific and
technical conferences, symposia,
seminars, or other meetings sponsored
or co-sponsored by NASA.

e SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

e TECHNICAL TRANSLATION.
English-language translations of foreign
scientific and technical material pertinent to
NASA’s mission.

Specialized services also include creating
custom thesauri, building customized databases,
and organizing and publishing research results.

For more information about the NASA STI
program, see the following:

e Access the NASA STI program home page
at http://www.sti.nasa.gov

e E-mail your question via the Internet to
help@sti.nasa.gov

e Fax your question to the NASA STI Help
Desk at (301) 621-0134

e Phone the NASA STI Help Desk at
(301) 621-0390

e Write to:
NASA STI Help Desk
NASA Center for AeroSpace Information
7121 Standard Drive
Hanover, MD 21076-1320


http://www.sti.nasa.gov
mailto:help@sti.nasa.gov

Introduction

Scientific and Technical Aerospace Reports (STAR) is an online information resource listing
citations and abstracts of NASA and world wide aerospace-related STI. Updated biweekly, STAR
highlights the most recent additions to the NASA Aeronautics and Space Database. Through this
resource, the NASA STI Program provides timely access to the most current aerospace-related
Research & Development (R&D) results.

STAR subject coverage includes all aspects of aeronautics and space research and development,
supporting basic and applied research, and application, as well as aerospace aspects of Earth
resources, energy development, conservation, oceanography, environmental protection, urban
transportation and other topics of high national priority. The listing is arranged first by 11 broad
subject divisions, then within these divisions by 76 subject categories and includes two indexes:
subject and author.

STAR includes citations to Research & Development (R&D) results reported in:

e NASA, NASA contractor, and NASA grantee reports

e Reports issued by other U.S. Government agencies, domestic and foreign institution,
universities, and private firms

e Translations

e NASA-owned patents and patent applications

e Other U.S. Government agency and foreign patents and patent applications

e Domestic and foreign dissertations and theses

The NASA STI Program

The NASA Scientific and Technical Information (STI) Program was established to support the
objectives of NASA’s missions and research to advance aeronautics and space science. By
sharing information, the NASA STI Program ensures that the U.S. maintains its preeminence in
aerospace-related industries and education, minimizes duplication of research, and increases
research productivity.

Through the NASA Center for AeroSpace Information (CASI), the NASA STI Program
acquires, processes, archives, announces and disseminates both NASA’s internal STI and world-
wide STI. The results of 20th and 21st century aeronautics and aerospace research and
development, a worldwide investment totaling billions of dollars, have been captured, organized,
and stored in the NASA Aeronautics and Space Database. New information is continually
announced and made available as it is acquired, making this a dynamic and historical collection
of value to business, industry, academia, federal institutions, and the general public.

The STI Program offers products and tools that allow efficient access to the wealth of
information derived from global R&D efforts. In addition, customized services are available to
help tailor this valuable resource to meet your specific needs.

For more information on the most up to date NASA STI, visit the STI Program’s website at
http://www.sti.nasa.gov.
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NASA STI Availability Information

NASA Center for AeroSpace Information (CASI)

Through NASA CASI, the NASA STI Program offers many information products and services to
the aerospace community and to the public, including access to a selection of full text of the
NASA STI. Free registration with the program is available to NASA, U.S. Government agencies
and contractors. To register, contact CASI at help@sti.nasa.gov. Others should visit the program
at www.sti.nasa.gov. The ‘search selected databases’ button provides access to the NASA
Technical Reports Server (TRS) — the publicly available contents of the NASA Aeronautics and
Space Database.

Each citation in STAR indicates a ‘Source of Availability’. When CASI is indicated, the user can
order this information directly from CASI using the STI Online Order Form or contact
help@sti.nasa.gov or telephone the CASI Help Desk at 301-621-0390. Before ordering you may
access price code tables for STI documents and videos. When information is not available from
CASI, the source of the information is indicated when known.

NASA STI is also available to the public through Federal information organizations. NASA
CASI disseminates publicly available NASA STI to the National Technical Information Service
(NTIS) and to the Federal Depository Library Program (FDLP) through the Government Printing
Office (GPO). In addition, NASA patents are available online from the U.S. Patent and
Trademark Office.

National Technical Information Service (NTIS)

The National Technical Information Service serves the American public as a central resource for
unlimited, unclassified U.S. Government scientific, technical, engineering, and business related
information. For more than 50 years NTIS has provided businesses, universities, and the public
timely access to well over 2 million publications covering over 350 subject areas. Visit NTIS at
http://www.ntis.gov.

The Federal Depository Library Program (FDLP)

The U.S. Congress established the Federal Depository Library Program (FDLP) to ensure
access by the American public to U.S. Government information. The program acquires and
disseminates information products from all three branches of the U.S. Government to nearly
1,300 Federal depository libraries nationwide. The libraries maintain these information products
as part of their existing collections and are responsible for assuring that the public has free access
to the information. Locate the Federal Depository Libraries http://www.access.gpo.gov/su_docs.

The U.S. Patent and Trademark Office (USPTO)

The U.S. Patent and Trademark Office provides online access to full text patents and patent
applications. The database includes patents back to 1976 plus some pre-1975 patents. Visit the
USPTO at http://www.uspto.gov/patft/.
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o1
AERONAUTICS (GENERAL)
Includes general research topics related to manned and unmanned aircraft and the problems of flight within the Earth’s atmosphere. Also

includes manufacturing, maintenance, and repair of aircraft. For specific topics in aeronautics, see categories 02 through 09. For
information related to space vehicles see 12 Astronautics.

20050199695 National Renewable Energy Lab., Golden, CO USA

Tower Design Load Verification on a 1-kW Wind Turbine

Huskey, A.; Prascher, D.; Nov. 2004; 14 pp.; In English

Report No.(s): DE2005-15011698; NREL/CP-500-37112; No Copyright; Avail: Department of Energy Information Bridge
Wind turbine testing at the National Wind Technology Center (NWTC) has been done to characterize both tower top loads

and thrust loads for small wind turbines, which is part of an ongoing effort to model and predict small wind turbine behavior

and the resulting stresses imposed on the supporting tower. To these ends, a 1-kW furling wind turbine mounted on a 10-meter

tower was instrumented and monitored via a data acquisition system for nearly a year. This test was conducted to verify the

design loads as predicted by the simple design equations provided in the draft revision of the International Electrotechnical

Commission (IEC) Small Wind Turbine Safety Standard 61400-02 CDV (hereafter called ‘the draft Standard’). Data were

captured for several operating conditions covered by the draft Standard. This paper addresses the collected data and what

conclusions can be made from it.

NTIS

Loads (Forces); Towers; Wind Turbines

20050199696 National Renewable Energy Lab., Golden, CO USA

Modern Control Design for Flexible Wind Turbines

Wright, A. D.; Jul. 2004; 238 pp.; In English

Report No.(s): DE2005-15011696; NREL/TP-500-35816; No Copyright; Avail: Department of Energy Information Bridge
Control can improve energy capture and reduce dynamic loads in wind turbines. In the 1970s and 1980s, wind turbines

used classical control designs to regulate power and speed. The methods used, however, were not always successful. Modern

turbines are larger, mounted on taller towers, and more dynamically active than their predecessors. Control systems to regulate

turbine power and maintain stable, closed-loop behavior in the presence of turbulent wind inflow will be critical for these

designs. This report applies modern state-space control design methods to a two-bladed teetering hub upwind machine at the

National Wind Technology Center (NWTC), which is managed by the U.S. Department of Energy’s National Renewable

Energy Laboratory (NREL) in Golden, Colorado. The design objective is to regulate turbine speed and enhance damping in

several low-damped flexible modes of the turbine. Starting with simple control algorithms based on linear models, complexity

is added incrementally until the desired performance is firmly established.

NTIS

Damping; Design Analysis;, Wind Turbines

20050199701 Airfoils, Inc., State College, PA, USA
Effect of Flap Deflection on Section Characteristics of S813 Airfoil. Period of Performance: 1993-1994
Somers, D. M.; Jan. 2005; 94 pp.; In English
Report No.(s): DE2005-15011677; No Copyright; Avail: Department of Energy Information Bridge
The effect of small deflections of a 30% chord, simple flap on the section characteristics of a tip airfoil, the S813, designed
for 20- to 30-meter, stall-regulated, horizontal-axis wind turbines has been evaluated theoretically. The decrease in maximum

1



lift coefficient due to leading-edge roughness increases in magnitude with increasing, positive flap deflection and with
decreasing Reynolds number.
NTIS

Airfoils; Deflection; Flapping; Reynolds Number; Surface Roughness; Wind Turbines

20050199703 Airfoils, Inc., State College, PA, USA
S819,and S820, and S821 Airfoils. (Report for October 1992-November 1993)
Somers, D. M.; Jan. 2005; 58 pp.; In English
Report No.(s): DE2005-15011676; No Copyright; Avail: Department of Energy Information Bridge

A family of thick airfoils for 10- to 20-meter, stall regulated, horizontal-axis wind turbines, the S819, S820, and S821,
has been designed and analyzed theoretically. The primary objectives of restrained maximum lift, insensitive to roughness, and
low profile drag have been achieved. The constraints on the pitching moments and airfoil thicknesses have been satisfied.
NTIS
Airfoils; Surface Roughness; Wind Turbines

20050199704 Airfoils, Inc., State College, PA, USA
S814 and S815 Airfoils. (Report for October 1991-July 1992)
Somers, D. M.; Dec. 2004; 48 pp.; In English
Report No.(s): DE2005-15011675; No Copyright; Avail: Department of Energy Information Bridge

Two thick laminar-flow airfoils for the root portion of a horizontal-axis wind turbine blade, the S814 and S815, have been
designed and analyzed theoretically. For both airfoils, the primary objectives of high maximum lift, insensitive to roughness,
and low profile drag have been achieved. The constraints on pitching moment and airfoil thicknesses have been satisfied.
NTIS
Surface Roughness; Wind Turbines;, Windpower Utilization; Laminar Flow Airfoils

20050199705 Airfoils, Inc., State College, PA, USA
Design and Experimental Results for the S825 Airfoil. Period of Performance: 1998-1999
Somers, D. M.; Jan. 2005; 94 pp.; In English
Report No.(s): DE2005-15011673; No Copyright; Avail: Department of Energy Information Bridge

A 17%-thick, natural-laminar-flow airfoil, the S825, for the 75% blade radial station of 20- to 40-meter, variable-speed
and variable-pitch (toward feather), horizontal-axis wind turbines has been designed and analyzed theoretically and verified
experimentally in the NASA Langley Low-Turbulence Pressure Tunnel. The two primary objectives of high maximum lift,
relatively insensitive to roughness and low-profile drag have been achieved. The airfoil exhibits a rapid, trailing-edge stall,
which does not meet the design goal of a docile stall. The constraints on the pitching moment and the airfoil thickness have
been satisfied. Comparisons of the theoretical and experimental results generally show good agreement.
NTIS
Airfoils; Surface Roughness;, Wind Turbines

20050199706 Airfoils, Inc., State College, PA, USA
S829 Airfoil. Period of Performance: 1994-1995
Somers, D. M.; Jan. 2005; 40 pp.; In English
Report No.(s): DE2005-15011668; No Copyright; Avail: Department of Energy Information Bridge

A 16%-thick, natural-laminar-flow airfoil, the S829, for the tip region of 20- to 40-meter-diameter, stall-regulated,
horizontal-axis wind turbines has been designed and analyzed theoretically. The two primary objectives of restrained
maximum lift, insensitive to roughness, and low profile drag have been achieved. The constraints on the pitching moment and
the airfoil thickness have been satisfied. The airfoil should exhibit a docile stall.
NTIS
Airfoils; Surface Roughness; Wind Turbines

20050199708 Airfoils, Inc., State College, PA, USA

Effects of Airfoil Thickness and Maximum Lift Coefficient on Roughness Sensitivity. Period of Performance: 1997-1998
Somers, D. M.; Jan. 2005; 134 pp.; In English

Report No.(s): DE2005-15011667; No Copyright; Avail: Department of Energy Information Bridge



A matrix of airfoils has been developed to determine the effects of airfoil thickness and the maximum lift to leading-edge
roughness. The matrix consists of three natural-laminar-flow airfoils, the S901, S902, and S903, for wind turbine applications.
The airfoils have been designed and analyzed theoretically and verified experimentally in the Pennsylvania State University
low-speed, low-turbulence wind tunnel. The effect of roughness on the maximum life increases with increasing airfoil
thickness and decreases slightly with increasing maximum lift. Comparisons of the theoretical and experimental results
generally show good agreement.

NTIS
Aerodynamic Coefficients; Airfoil Profiles; Lift; Sensitivity; Surface Roughness; Wind Turbines; Subsonic Wind Tunnels

20050199711  Airfoils, Inc., State College, PA, USA
S822 and S823 Airfoils
Somers, D. M.; Jan. 2005; 42 pp.; In English
Report No.(s): DE2005-15011666; No Copyright; Avail: Department of Energy Information Bridge
A family of thick airfoils for 3- to 10-meter, stall-regulated, horizontal-axis wind turbines, the S822 and S823, has been
designed and analyzed theoretically. The primary objectives of restrained maximum lift, insensitive to roughness, and low
profile have been achieved. The constraints on the pitching moments and airfoil thicknesses have been satisfied.
NTIS
Airfoils; Design Analysis; Wind Turbines

20050199716 National Renewable Energy Lab., Golden, CO USA

CondorNTM User’s Guide

Moriarty, P.; Feb. 2005; 14 pp.; In English

Report No.(s): DE2005-15011461; NREL/TP-500-37254; No Copyright; Avail: Department of Energy Information Bridge
CondorNTM is similar to RunNTM in that it calculates a series of normal (or extreme) turbulence model simulations

consistent with the International Electrotechnical Commission (IEC) design load cases. The major difference is that it employs

the computational grid software Condor, which was developed by the University of Wisconsin. The advantage of using Condor

is that many different computers connected on the network can be used simultaneously to calculate the various design load

cases required by the IEC standard. This results in a large increase in computational resources proportional to the number of

computers installed on the Condor grid.

NTIS

Computer Programs; Computers; Turbulence; Windpower Utilization

20050199718 National Renewable Energy Lab., Golden, CO USA

Wind Turbine Post-Stall Airfoil Performance Characteristics Guidelines for Blade-Element Momentum Methods

Tangler, J.; Kocurek, J. D.; Oct. 2004; 18 pp.; In English

Report No.(s): DE2005-15011699; NREL/CP-500-36900; No Copyright; Avail: Department of Energy Information Bridge
The objective of this study was to provide post-stall airfoil data input guidelines for the prediction of peak and post-peak

rotor power when using blade-element momentum theory. A steady-state data set from the Unsteady Aerodynamic Experiment

(UAE) rotor test was used to provide guidelines for the development of a global post-stall method for the prediction of

post-stall 3-D airfoil characteristics to be used with 2-D airfoil data. Based on these UAE data, methods to emulate the 3-D

aerodynamics in the post-stall region were explored. Also suggested are experimental tests needed to better understand the 3-D

flow physics and to quantify needed theory or empirical factors for a global post-stall approach to support blade-element

momentum methods.

NTIS

Airfoils; Momentum; Wind Turbines

20050199742 National Renewable Energy Lab., Golden, CO USA

Stability Analysis of an Adaptive Torque Controller for Variable Speed Wind Turbines

Johnson, K. E.; Pao, L. Y.; Balas, M. J.; Kulkarni, V.; Fingersh, L. J.; Dec. 2004; 16 pp.; In English

Report No.(s): DE2005-15011718; NREL/CP-500-36756; No Copyright; Avail: Department of Energy Information Bridge
Variable speed wind turbines are designed to follow wind speed variations in low winds in order to maximize

aerodynamic efficiency. Unfortunately, uncertainty in the aerodynamic parameters may lead to sub-optimal power capture in

variable speed turbines. Adaptive generator torque control is one method of eliminating this sub-optimality; however, before



adaptive control can become widely used in the wind industry, it must be proven to be safe. This paper analyzes the stability
of an adaptive torque control law and the gain adaptation law in use on the Controls Advanced Research Turbine (CART) at
the National Renewable Energy Laboratory’s National Wind Technology Center.

NTIS

Adaptive Control; Aerodynamics, Stability Tests, Torque; Wind Turbines

20050201680 NASA, Washington, DC, USA
The Future of Flight
Springer, Anthony M.; Aerospace Design: Aircraft, Spacecraft, and the Art of Modern Flight; August 2003, pp. 155-181; In
English; See also 20050201673; Copyright; Avail: Other Sources
This paper presents viewgraphs on supersonic transports, hypersonic planes, runway-independent aircraft, and small
personal aircraft which are possibilities for the aircraft of the future.
Author
Space Flight; Aerospace Engineering; Aeronautics

02
AERODYNAMICS
Includes aerodynamics of flight vehicles, test bodies, airframe components and combinations, wings, and control surfaces. Also includes

aerodynamics of rotors, stators, fans, and other elements of turbomachinery. For related information see also 34 Fluid Mechanics and
Thermodynamics.

20050199461 NASA Glenn Research Center, Cleveland, OH, USA
Abe Silverstein 10- by 10-Foot Supersonic Wind Tunnel Validated for Low-Speed (Subsonic) Operation
Hoffman, Thomas R.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

The NASA Glenn Research Center and Lockheed Martin Corporation tested an aircraft model in two wind tunnels to
compare low-speed (subsonic) flow characteristics. Objectives of the test were to determine and document the similarities and
uniqueness of the tunnels and to validate that Glenn’s 10- by 10-Foot Supersonic Wind Tunnel (10x10 SWT) is a viable
low-speed test facility. Results from two of Glenn’s wind tunnels compare very favorably and show that the 10x10 SWT is
a viable low-speed wind tunnel. The Subsonic Comparison Test was a joint effort by NASA and Lockheed Martin using the
Lockheed Martin’s Joint Strike Fighter Concept Demonstration Aircraft model. Although Glenn’s 10310 and 836 SWT’s have
many similarities, they also have unique characteristics. Therefore, test data were collected for multiple model configurations
at various vertical locations in the test section, starting at the test section centerline and extending into the ceiling and floor
boundary layers.
Derived from text
Supersonic Wind Tunnels; Wind Tunnel Models

20050200839 HyPerComp, Inc., Westlake Village, CA USA
Automated Design Optimization for Hypersonic Plasma-Aerodynamics
Munipalli, Ramakanth; Subbarao, Kamesh; Aithal, Shashi; Wilson, Donald R.; Goss, Jennifer D.; Jun. 2005; 71 pp.; In
English
Contract(s)/Grant(s): FA9550-04-C-0117
Report No.(s): AD-A435356; AFRL-SR-AR-TR-05-0265; No Copyright; Avail: CASI; A04, Hardcopy

In the first part we present our ongoing work on the optimization of an MHD energy by-pass concept. Here we consider
the optimization of the power generator and accelerator components individually, and are in the process of a simultaneous
optimization of an integrated generator-combustor-accelerator concept in a 2-D sense. We have concentrated our efforts on
developing an optimization scheme that couples a flow solver (perfect gas Euler and equilibrium gas N-S) with a Poisson
solver for the electric field including Hall effects. The architecture/algorithm of the optimization scheme is such that geometric
and/or physical parameters can be optimized for a given set of free-stream conditions and objective function. The objective
function was MHD power extracted in the case of a MHD generator, and thrust in the case of an accelerator. The second part
of this report presents some ideas on how to extend this development and the associated real-gas MHD technology at
HyPerComp Inc. into a potential Phase-II. We have developed a higher (4% order and beyond,) order accurate solver for MHD
developed under an AFRL contract. We consider possibilities involving the usage of this solver in accurate boundary layer
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calculations and plasma effects in shear layers as a potential Phase-II extension. The current study of energy bypass concepts
may itself be extended into an extensive exploration of finite rate processes in such systems coupled with an efficient
optimization routine based on adjoint methods. A masters thesis supported in part by this contract on the optimization problem
setup for hypersonic inlets to improve mass capture has been completed. Relevant portions of this thesis have been appended
to this report in the third part.

DTIC

Aerodynamics; Design Optimization; Hypersonics; Magnetohydrodynamics; Plasmas (Physics)

20050200881 Naval Postgraduate School, Monterey, CA USA

Attitude Determination for the Three-Axis Spacecraft Simulator (TASS) by Application of Particle Filtering
Techniques

Kassalias, Ioannis; Jun. 2005; 91 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435493; No Copyright; Avail: Defense Technical Information Center (DTIC)

The accurate determination of spacecraft attitude has always been a critical issue in many applications. The presence of
imperfect sensors introduces errors in the system and affects the outcome of the mission. One of the most significant sensors
is the rate gyroscope. Particularly, the rate gyros are known to degrade with time, introducing random noise and bias. This calls
for estimation algorithms which process the measured data in order to reduce the effects of the disturbances to a minimum.
This research presents an approach which takes full advantage on the nonlinear dynamics and possibly non-Gaussian
disturbances. It is based on recent work involving particle filters, where the probability density functions are approximated by
a relatively large number of parameters. It is shown that accurate attitude estimation can be obtained with a manageable
number of particles.

DTIC
Attitude (Inclination); Simulators

20050200903 Naval Postgraduate School, Monterey, CA USA

Impact of Leading-Edge Orientation and Shape on Performance of Compressor Blades
Powell, Jonathan D.; Jun. 2005; 95 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435538; No Copyright; Avail: Defense Technical Information Center (DTIC)

This thesis presents a Computation Fluid Dynamics (CFD) analysis of the aerodynamic performance of circular and
elliptical leading edges of compressor blades, with a range of leading edge droop angles. Specifically, simulations were
conducted, with a free stream Mach number of 0.65 to quantify the change in pressure distributions and boundary layer
momentum thickness in the leading-edge region for a range of incidences on a flat plate with various leading-edge ellipticity
ratios, ranging from unity (circular) to 5.5. In addition, the impact of drooping the leading edge was analyzed over a range
of incidence angles from zero to 13 degrees. Pressure distributions indicate that elliptical leading edges can eliminate
separation bubbles at zero incidence. The results indicated that the minimum loss occurred at an ellipticity ratio of about 3.5
and elliptical leading edges with a droop slightly greater than the average incidence can significantly decreased aerodynamic
losses over a wider range of incidences.
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20050201957 Nanjing Univ. of Aeronautics and Astronautics, Nanjing, China
Transactions of Nanjing University of Aeronautics and Astronautics, Vol 22, No. 1, March 2005
Dewang, L.; Mar. 2005; 94 pp.; In English
Report No.(s): PB2005-107474; No Copyright; Avail: CASI; A0S, Hardcopy

;Contents: Large-Eddy Simulation of Two-Phase Reacting Flow in Model Combustor; Prediction of Rime Ice Accretion
and Resulting Effect on Airfoil Performance; Multi-Agent Based Distributed Manufacturing Execution System Model;
Contour Extraction and Feature Point Detection for 3-D Fragment Reassembly; Checking Consistency in Information Models
by Using Constraint Programming; Dynamic Engineering Document Management Based on XML Technology; Internet-Based
Machining Parameter Optimization and Management System for High-Speed Machining; Cutting Temperature Measurement
in High-Speed End Milling; Speeding-Up Re-sampled Algorithm in Ray Casting Volume Rendering of Medical Images;
Autonomous Agent Framework and Its Decision-Making; TVD Scheme with Chemical Reaction Flow and Its Application in
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Combustion Gas Jetting Flow; Route Optimizing Algorithm of Airport Surface Based on GIS; Hierarchic Grey Quasi-
Preferred Analysis Model and Its Application.

NTIS

Large Eddy Simulation; Two Phase Flow; Engineering Management; Chemical Reactions

20050201959 Nanjing Univ. of Aeronautics and Astronautics, Nanjing, China

Journal of Nanjing University of Aeronautics and Astronautics, Volume 37, No. 2

Dewang, L.; Apr. 2005; 144 pp.; In Chinese

Report No.(s): PB2005-107472; Copyright; Avail: National Technical Information Service (NTIS)

;Partial Contents: Generalized Dynamic Wake Model Applied to Helicopter Pitching and Rolling Maneuver; Active
Damping with Adaptive Feedback Control in Time Domain for Dynamical Systems with Light Dan; Contact Process and
Friction Analysis of Linear Ultrasonic Motor; Penalty Function Method Applied to Numerical Aerodynamic Optimization;
Simulation of Hypersonic Non Equilibrium Flow Using Hybrid Grids; Unstructured Grid Generation Algorithm and Its
Numerical Simulations; Grid Generation Method Using Prescribed Mesh Modules; Analysis of Boundary Layer Stability for
Non-Parallic Flow with Pressure Gradient; Longitudinal Flight Control and Guidance Law Design for Trans-aerosphere
Vehicle; Calculation of Three-Dimensional Rotational Effect on Blade Aerodynamic Characteristics; Direct Control of
Aeroengine Thrust Based on Correlation Analysis and Neural Networks; Numerical Simulations of Energy Absorption
Capability of Composite Components.

NTIS
Adaptive Control; Longitudinal Control; Hypersonic Flow; Aerodynamic Characteristics; Dynamic Models;, Energy
Absorption

20050201960 Nanjing Univ. of Aeronautics and Astronautics, Nanjing, China

Journal of Nanjing University of Aeronautics and Astronautics, Volume 37, Number 3, June 2005
Dewang, L.; Jun. 2005; 142 pp.; In Chinese

Report No.(s): PB2005-107473; Copyright; Avail: National Technical Information Service (NTIS)

Partial Contents: 3D Visualization Simulation System Based on OpenGL of Law Altitude Chase/Interception; Fuzzy
Damped Algorithm in Strapdown Attitude Heading Reference System; State Observer Design for a Class of Nonlinear
Systems with Modelling Uncertainty; Fault Detection for Uncertain Nonlinear System Based on Unknown Input Observer;
Stabilizer Bar Modeling of Small-Size Unmanned Helicopter and Attitude Control System Design; Fuzzy Adaptive Tracking
Control for a Class of Nonlinear Systems; New Spatial Multi Dimensional Association Rule Model and Its Algorithm;
Multi-Scale Edge Demotion Algorithm for Magnetic Resonance Images; Automated Contour Detection for Intravascular
Ultrasound Image Sequences; Image Classification Using Compressed Histograms; Study on SAR Raw Data Compression
Techniques; Novel Real-Time Registration Algorithm for Radar Networking; Algorithm of Direction Finding for Broadband
Digital Signal; Size Distribution Measurement of Coal Particles in Two-Phase Flows; Analysis and Simulation of Electric
Power Drive System in Helicopter Rotor Test Bed; Analysis on Control Strategy 11 for Doubly Salient Permanent Magnet
Motor; Novel High-Frequency Output ZVS Inverter.
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20050203848 NASA Glenn Research Center, Cleveland, OH, USA
NASA'’s Proposed Requirements for the Global Aeronautical Network and a Summary of Responses
Ivancic, William D.; July 2005; 12 pp.; In English; Fifth Integrated Communications Navigation and Surveillance (ICNS)
Conference and Workshop, 2-5 May 2005, Fairfax, VA, USA
Contract(s)/Grant(s): WBS 22-184-10-06
Report No.(s): NASA/TM-2005-213831; E-15201; No Copyright; Avail: CASI; A03, Hardcopy

In October 2003, NASA embarked on the ACAST project (Advanced CNS Architectures and System Technologies) to
perform research and development on selected communications, navigation, and surveillance (CNS) technologies to enhance
the performance of the National Airspace System (NAS). The Networking Research Group of NASA’s ACAST project, in
order to ensure global interoperability and deployment, formulated their own salient list of requirements. Many of these are
not necessarily of concern to the FAA, but are a concern to those who have to deploy, operate, and pay for these systems. These
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requirements were submitted to the world s industries, governments, and academic institutions for comments. The results of
that request for comments are summarized in this paper.

Author

Aeronautics; NASA Programs;, Communication Networks, Requirements

03
AIR TRANSPORTATION AND SAFETY
Includes passenger and cargo air transport operations; airport ground operations; flight safety and hazards; and aircraft accidents.
Systems and hardware specific to ground operations of aircraft and to airport construction are covered in 09 Research and Support

Facilities (Air). Air traffic control is covered in 04 Aircraft Communications and Navigation. For related information see also 16 Space
Transportation and Safety and 85 Technology Utilization and Surface Transportation.

20050200933 Naval Postgraduate School, Monterey, CA USA

Time-Optimization of High Performance Combat Maneuvers

Carter, Benjamin R.; Jun. 2005; 243 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435593; No Copyright; Avail: Defense Technical Information Center (DTIC)

Recent developments in post-stall maneuverability and thrust vectoring have opened up new possibilities in the field of
air combat maneuvering. High angle of attack maneuvers like the Cobra, Herbst Reversal, and Chakra demonstrate that
today’s cutting edge fighters are capable of exploiting the post-stall flight regime for very dynamic and unconventional
maneuvers. With the development and testing of Unmanned Combat Aerial Vehicles, even greater maneuvering ability is
expected. However, little work has been done to make use of this increased ability by optimizing a wide range of combat
maneuvers. The goal of this thesis was to begin that process by finding several time-optimal air combat maneuvers that could
be employed by current and future high performance fighter aircraft.

DTIC
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20050200985 Naval Postgraduate School, Monterey, CA USA
Supply and Demand for Business Education in Naval Aviation
Gray, Obra L.; Jun. 2005; 63 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435692; No Copyright; Avail: Defense Technical Information Center (DTIC)

In light of the Navy’s transformation plan, advanced business education is increasing in importance. As part of the Navy’s
Sea Power 21 strategy Sea Enterprise encourages Naval Aviation to steer historical management practices towards better
business practices. As pilots and Naval Flight Officers evolve from Mission Commander to Commanding Officer, they must
be equipped with the requisite business skill sets to engage the challenge of balancing aircraft modernization with current
readiness. This project analyzes the supply and demand for postgraduate business education to determine how prepared Naval
Aviation is to achieve long-term transformation objectives. The results show that 25 percent of all aviation officers (0-1 to 0-6)
have a graduate business degree, 17 percent of Commanding Officers with advanced degrees have a business specialization,
and 2.5 percent of aviation officer billets require a postgraduate business degree. Recommendations to better prepare the
aviation community for the Sea Enterprise environment include: (1) Early emphasis of graduate business education, (2)
Promote advanced business education as a major career milestone, (3) Tie first shore tour assignments to graduate business
education, and (4) Increase the overall billet requirement for advanced business degrees. These improvements may greatly
enhance the Navy’s efforts towards achieving its transformation goals.
DTIC
Commerce; Demand (Economics); Education; Military Aviation; Supplying

20050201013 Naval Postgraduate School, Monterey, CA USA
Commander Naval Air Forces (CNAF) Flight Hour Program: Budgeting and Execution Response to the Implemen-
tation of the Fleet Response Plan and OP-20 Pricing Model Changes
Glenn, Walter H., Jr.; Otten, Eric E.; Jun. 2005; 87 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435740; No Copyright; Avail: Defense Technical Information Center (DTIC)

Effectively managing the Navy Flight Hour Program (FHP) has historically posed unique challenges. Most notably,
CNAF FHP managers have routinely faced a seemingly unavoidable shortfall in flight hour funding requiring the use of
creative cash management practices and reliance on defense supplemental appropriations to continue flight operations to the



end of each fiscal year. In an effort to reduce this disparity between budget forecasts and actual program execution
requirements, significant changes were recently made to individual pricing models used in formulating OP-20 funding levels.
In addition, the Navy’s transition to the Fleet Readiness Training Plan (FRTP) in support of the overall Fleet Response Plan
(FRP) in July of 2003 resulted in a fundamental shift in funding level requirements and overall program execution. The
purpose of this study is to analyze what effect the response to this fundamental shift in the Navy’s overall readiness posture,
in conjunction with the aforementioned OP-20 budgetary process enhancements, had on the matching of budgeted program
dollars with execution requirements. The methodology for the study will entail an analysis into the specific changes to the
budgeting models used in the formulation of OP-20 funding levels, along with a review of the resulting execution changes at
COMNAVAIRPAC (CNAP) in support of the FRP.
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20050201606 Army Missile Command, Fort Eustis, VA USA

Testing of Mylar Tear-Off Windshield Film for Aircraft

Bordick, Nathaniel E.; Robeson, Mark E.; May 2005; 19 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435390; RDECOM/AATD-05-D-32; No Copyright; Avail: Defense Technical Information Center (DTIC)
In an effort to combat windscreen erosion on Army aircraft, a Mylar film has been developed to apply directly to the

environmentally exposed surface of windscreens. This film can be applied to aircraft windscreens in single or multiple layer

sheets, which once removed will leave no permanent residue on the underlying surface. A qualitative evaluation of Mylar

Tear-Off Windshield Film (MTOWF) has been conducted, and indicates that MTOWF is appropriate for Army aircraft

application. For example, the testing showed that the installation, cleaning, and removal of MTOWF are quick and easy. In

addition, the optical qualities of MTOWF and its resistance to damage and delamination are sufficient for Army aircraft use.

Finally, testing showed that MTOWF does not hinder night vision goggle performance and that any electrostatic build-up

issues can be overcome. MTOWF protects the windscreen, prolonging its operating life and ultimately increasing aircraft

readiness. By protecting the windscreen, MTOWF will save the Government Operations and Support (O&S) costs, since it is

much cheaper and quicker to replace MTOWF than to replace a windscreen.

DTIC
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20050201950 Federal Aviation Administration, Washington, DC USA
Terminal Area Forecast Summary, Fiscal Years 2004-2020
January 2004; 52 pp.; In English
Report No.(s): PB2005-108487; FAA-APO-05-1; No Copyright; Avail: CASI; A04, Hardcopy
This publication provides aviation data users with summary historical and forecast statistics on passenger demand and
aviation activity at U.S. airports. The summary level forecasts are based on individual airport projections.
NTIS
Charts; Forecasting

05
AIRCRAFT DESIGN, TESTING AND PERFORMANCE
Includes all stages of design of aircraft and aircraft structures and systems. Also includes aircraft testing, performance, and evaluation,

and aircraft and flight simulation technology. For related information see also 18 Spacecraft Design, Testing and Performance; and 39
Structural Mechanics. For land transportation vehicles see 85 Technology Utilization and Surface Transportation.

20050199656 NASA Langley Research Center, Hampton, VA, USA
A Method to Analyze Tail Buffet Loads of Aircraft
Pototzky, Anthony S.; Moses, Robert W.; [2005]; 14 pp.; In English; RTO/AVT-123: Symposium on Flow Induced Unsteady
Loads and the Impact on Military Applications, 25-29 Apr. 2005, Budapest, Hungary; Original contains color illustrations
Contract(s)/Grant(s): 23-745-45-43
Report No.(s): RTO-MP-AVT-123; Paper 19-1; No Copyright; Avail: CASI; A03, Hardcopy

Aircraft designers commit significant resources to the design of aircraft in meeting performance goals. Despite fulfilling
traditional design requirements, many fighter aircraft have encountered buffet loads when demonstrating their high
angle-of-attack maneuver capabilities. As a result, during test or initial production phases of fighter development programs,
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many new designs are impacted, usually in a detrimental way, by resulting in reassessing designs or limiting full mission
capability. These troublesome experiences usually stem from overlooking or completely ignoring the effects of buffet during
the design phase of aircraft. Perhaps additional requirements are necessary that addresses effects of buffet in achieving best
aircraft performance in fulfilling mission goals. This paper describes a reliable, fairly simple, but quite general buffet loads
analysis method to use in the initial design phases of fighter-aircraft development. The method is very similar to the random
gust load analysis that is now commonly available in a commercial code, which this analysis capability is based, with some
key modifications. The paper describes the theory and the implementation of the methodology. The method is demonstrated
on a JSF prototype example problem. The demonstration also serves as a validation of the method, since, in the paper, the
analysis is shown to nearly match the flight data. In addition, the paper demonstrates how the analysis method can be used
to assess candidate design concepts in determining a satisfactory final aircraft configuration.
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Gust Loads; Buffeting; Fighter Aircraft; Aircraft Design; Angle of Attack; Random Loads

20050199681 National Transportation Safety Board, Washington, DC USA
National Transportation Safety Board Safety Report: Current Procedures for Collecting and Reporting U.S. General
Aviation Accident and Activity Data
Apr. 29, 2005; 40 pp.; In English
Report No.(s): PB2005-917002; NTSB/SR-05/02; No Copyright; Avail: CASI; A03, Hardcopy

Unlike Part 121 and scheduled Part 135 air carriers, general aviation operators and on-demand Part 135 operators (air
taxis) are not required to report actual flight activity data to DOT. Instead, the Federal Aviation Administration (FAA) uses
its annual General Aviation and Air Taxi Activity (GAATA) Survey to query a sample of registered aircraft owners, either
through the Internet or by mail. The National Transportation Safety Board and others rely on GAATA Survey activity estimates
to calculate accident rates and statistics that for the basis for assessing general aviation safety in the USA. Congress,
government agencies, the aviation industry, and other researchers frequently cite accident rates when evaluating the need for
safety initiatives. Valid activity data are necessary to compare the accident rates for different aircraft types and types of
operations, to establish baseline measures that can be used to identify and track accident trends, and to assess the effectiveness
of safety improvement efforts. Because of a critical need for accurate activity measures, and the perception of possible
problems with current general aviation activity estimates, the Safety Board analyzed several general aviation exposure
measures to determine the relationship of trends over time. The results of that analysis are included in this report. One existing
recommendation to the FAA is superseded in this report, two new recommendations are issued, and two existing
recommendations are reiterated.
NTIS
Aircraft Accidents; Aircraft Safety; Collection; Flight Safety; General Aviation Aircraft; Safety; Safety Management;
Transportation

20050199730 NASA Glenn Research Center, Cleveland, OH, USA
Advanced Engine Cycles Analyzed for Turbofans With Variable-Area Fan Nozzles Actuated by a Shape Memory Alloy
Berton, Jeffrey J.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
Advanced, large commercial turbofan engines using low-fan-pressure-ratio, very high bypass ratio thermodynamic cycles
can offer significant fuel savings over engines currently in operation. Several technological challenges must be addressed,
however, before these engines can be designed. To name a few, the high-diameter fans associated with these engines pose a
significant packaging and aircraft installation challenge, and a large, heavy gearbox is often necessary to address the
differences in ideal operating speeds between the fan and the low-pressure turbine. Also, the large nacelles contribute
aerodynamic drag penalties and require long, heavy landing gear when mounted on conventional, low wing aircraft.
Nevertheless, the reduced fuel consumption rates of these engines are a compelling economic incentive, and fans designed
with low pressure ratios and low tip speeds offer attractive noise-reduction benefits. Another complication associated with
low-pressure-ratio fans is their need for variable flow-path geometry. As the design fan pressure ratio is reduced below about
1.4, an operational disparity is set up in the fan between high and low flight speeds. In other words, between takeoff and cruise
there is too large a swing in several key fan parameters-- such as speed, flow, and pressure--for a fan to accommodate. One
solution to this problem is to make use of a variable-area fan nozzle (VAFN). However, conventional, hydraulically actuated
variable nozzles have weight, cost, maintenance, and reliability issues that discourage their use with low-fan-pressure-ratio
engine cycles. United Technologies Research, in cooperation with NASA, is developing a revolutionary, lightweight, and
reliable shape memory alloy actuator system that can change the on-demand nozzle exit area by up to 20 percent. This ‘smart
material’ actuation technology, being studied under NASA’s Ultra-Efficient Engine Technology (UEET) Program and
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Revolutionary Concepts in Aeronautics (RevCon) Program, has the potential to enable the next generation of efficient, quiet,
very high bypass ratio turbofans. NASA Glenn Research Center’s Propulsion Systems Analysis Office, along with NASA
Langley Research Center’s Systems Analysis Branch, conducted an independent analytical assessment of this new technology
to provide strategic guidance to UEET and RevCon. A 2010-technology-level high-spool engine core was designed for this
evaluation. Two families of low-spool components, one with and one without VAFN’s, were designed to operate with the core.
This ‘constant core’ approach was used to hold most design parameters constant so that any performance differences between
the VAFN and fixed nozzle cycles could be attributed to the VAFN technology alone. In this manner, the cycle design regimes
that offer a performance payoft when VAFN’s are used could be identified. The NASA analytical model of a performance-
optimized VAEN turbofan with a fan pressure ratio of 1.28 is shown. Mission analyses of the engines were conducted using
the notional, long-haul, advanced commercial twinjet shown. A high wing design was used to accommodate the large
high-bypassratio engines. The mission fuel reduction benefit of very high bypass shape-memory-alloy VAFN aircraft was
calculated to be 8.3 percent lower than a moderate bypass cycle using a conventional fixed nozzle. Shape-memory-alloy VAFN
technology is currently under development in NASA’s UEET and RevCon Programs.
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20050200866 Defense Acquisition Univ., Fort Belvoir, VA USA

Military Aircraft, the F/A-18E/F Super Hornet Program: Background and Issues for Congress
Bolkcom, Christopher; Apr. 2004; 21 pp.; In English

Report No.(s): AD-A435448; No Copyright; Avail: Defense Technical Information Center (DTIC)

The F/A-18E/F Super Hornet is described by some as the latest version of the Navy’s carrier-based F/A-18 fighter/attack
plane, with more range/payload and better avionics and weapons than the A/B and C/D models. Other’s describe the Super
Hornet as an entirely new aircraft. The F/A-18E/F entered production in FY 1997 to replace current F/A-18s as well as other
carrier-based planes. In the early 1990s, the Navy’s plans for modernizing carrier aviation included the upgraded F/A-18E/F
and a projected AFX- aircraft that was later canceled. As the only current aircraft program for modernizing Navy fighter and
attack capabilities, the F/A-18E/F is considered critical to the future of naval aviation. Whether this program was the most
cost-effective way to modernize naval aviation has been questioned. Proposed alternatives to the F/A-18E/F have included
developing a fighter/attack version of the F-14 fighter, continued use of the F/A-18C/D version, or increased procurement of
the Joint Strike Fighter when it is fielded. In May 1997, the Defense Department recommended procurement of between 548
and 785 F/A-18E/Fs instead of the 1,000 aircraft projected originally. A 462- plane program (not including 90 EA-18Gs) was
estimated in December 2003 to cost about $43.57 billion in current-year dollars.
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20050200915 Naval Postgraduate School, Monterey, CA USA

High Energy Solid State and Free Electron Laser Systems in Tactical Aviation

Mansfield, Robb P.; Jun. 2005; 100 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435562; No Copyright; Avail: Defense Technical Information Center (DTIC)

A study and analysis of high energy laser (HEL) systems aboard tactical aircraft is performed. The FA-18E/F Hornet and
F-35 Joint Strike Fighter (JSF), equipped with solid-state HEL systems, are the main subjects of the study. Considerations of
power generation and thermal management for a fighter-sized HEL system and aero-optic effects on beam propagation from
high and medium altitude platforms are examined. An overview of system capabilities details how the HEL system will be
more difficult to incorporate into legacy strike aircraft, but may be feasible for future aircraft such as the JSF. Tactical flight
simulations are used to study and develop potential concepts of operation (CONOPS), using realistic scenarios and threat
environments. Results show that a tactical HEL will not be a stand-alone weapon in combat, but will have many potentially
useful tactical applications. Another study of a high energy free electron laser (FEL) system aboard a C-130J-30 Hercules
shows that such a system is feasible. Finally, a study of the FEL shows that strong field extraction can be optimized using
undulator tapering.

DTIC
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20050200919 Naval Postgraduate School, Monterey, CA USA

CAS, Interdiction, and Attack Helicopters

Groenke, Andrew S.; Jun. 2005; 79 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435566; No Copyright; Avail: Defense Technical Information Center (DTIC)

Within days of a major failed strike by attack helicopters during Operation Iraqi Freedom (OIF) analysts were questioning
the value of such platforms on the modern battlefield. As OIF moved from combat to stability operations, helicopter losses
from enemy action actually increased seemingly strengthening the argument of those who see the helicopter as suitable to
some combat operations. Attack helicopter operations have diverged into two distinct categories, interdiction and close air
support (CAS), since their inception. This thesis argues that attack helicopters are most suited to perform CAS while their
employment in interdiction is problematic at best. Doctrine, tactics, and threat are studied as they applied in the Soviet-Afghan
War, Desert Storm, and OIF in order to examine the issue across a range of time and types of warfare.

DTIC
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20050200941 Defense Acquisition Univ., Fort Belvoir, VA USA

Military Airlift: C-17 Aircraft Program

Bolkcom, Christopher; Apr. 2004; 24 pp.; In English

Report No.(s): AD-A435617; CRS-RL30685; No Copyright; Avail: Defense Technical Information Center (DTIC)

The C-17 Globemaster III is a long-range cargo/transport aircraft operated by the U.S. Air Force since 1993. Congress
approved development of the aircraft in the late 1970s, when it was recognized that the Air Force did not have enough airlift
capability. In 1981, the McDonnell Douglas C-17 emerged as winner of a competition with Boeing and Lockheed to develop
a next-generation aircraft to replace C-130s and C-141s. Full-scale development of the C-17 got underway in 1986, but
technical problems and funding shortfalls delayed the program, leading to slipped schedules and increased costs. Despite those
difficulties, the C-17 has retained broad congressional support and enjoys strong Air Force and Army backing Defense officials
view the C-17 as essential in the post-Cold War environment, because of its ability to fly long distances with large payloads
yet still use smaller bases in remote areas. The C-17 first flew in 1991, about a year later than originally scheduled. Deliveries
began in 1993, and in January 1995, the Air Force declared the aircraft fully operational. C-17s have been successfully used
in Bosnia, Kosovo, Afghanistan and other operations. The current inventory of C-17s is 100 aircraft.
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20050200942 Defense Acquisition Univ., Fort Belvoir, VA USA

V-22 Osprey Tilt-Rotor Aircraft

Bolkcom, Christopher; Apr. 2004; 24 pp.; In English

Report No.(s): AD-A435618; CRS-RL31384; No Copyright; Avail: Defense Technical Information Center (DTIC)

The V-22 Osprey is a tilt-rotor aircraft that takes off and lands vertically like a helicopter and flies like a plane by tilting
its wing-mounted rotors to function as propellers. Combining a helicopter’s operational flexibility with the greater speed,
range, and efficiency of fixed-wing aircraft, the V-22 can perform such missions as troop/cargo transport, amphibious assault,
special operations. and search and rescue operations. Begun in FY 1982 by the Army and now funded in part by the Air Force,
the V-22 has been primarily a Marine Corps program funded by the Navy Department. The aircraft is produced by Bell
Helicopter Textron and Boeing Helicopters, with engines produced by Rolls-Royce/Allison. Flight testing and operational
evaluation of pre-production V-22s began in early 1997, with procurement of production aircraft approved in April 1997. The
future of the aircraft was at issue in 1989-92, when Secretary of Defense Cheney sought to cancel the program on grounds
of affordability. Congress continued to fund the program, however, providing $16.4 billion through FY2004. As of December
31,2003, the Defense Department estimated the program’s total cost to be about $48 billion to develop and produce 458
aircraft.
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20050200948 Defence Science and Technology Organisation, Victoria, Australia

Modelling of Thermal Line Scanning for the Inspection of Delamination in Composites and Cracking in Metals
Rajic, N.; Dec. 2004; 31 pp.; In English

Report No.(s): AD-A435630; DSTO-TR-1673; No Copyright; Avail: Defense Technical Information Center (DTIC)
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This report describes a predictive capability, comprising analytical and numerical models, for the development and
assessment of thermal line-scanning, an emerging non-destructive technique for the rapid inspection of aircraft struc- tural
components. The models describe the two-dimensional heat diffusion process pertaining to the application of a thermal line
source to an object moving at constant velocity. Relevant case studies are considered including delamination in a composite
laminate and cracking in a metal plate. Numerical experiments show that for planar flaws aligned with the inspection surface
the performance of thermal line scanning is broadly equivalent to that of con-ventional flash thermography. In contrast, for
a surface-breaking crack, where the flaw plane is typically perpendicular to the scan direction, strong lateral heat flows induced
by a narrow beam provide a superior basis for inspection. For problems that involve distributed cracking, like in the wing
carry-through bulkhead in the F/A-18 aircraft, the technique could offer an advantage over more conventional methods of
inspection.
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20050200973 Naval Postgraduate School, Monterey, CA USA

Swarm Intelligence for Autonomous UAV Control

Frantz, Natalie R.; Jun. 2005; 131 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435664; No Copyright; Avail: Defense Technical Information Center (DTIC)

Unmanned Aerial Vehicles (UAVs) are becoming vital warfare platforms because they significantly reduce the risk of
human life while accomplishing important missions. A UAV can be used for example, as stand-in sensor for the detection of
mobile, low-probability-of-intercept battlefield surveillance and fire control emitters. With many UAVs acting together as a
swarm, the location and frequency characteristics of each emitter can be accurately determined to continuously provide
complete battlefield awareness. The swarm should be able to act autonomously while searching for targets and relaying the
information to all swarm members. In this thesis, two methods of autonomous control of a UAV swarm were investigated. The
first method investigated was the Particle Swarm Optimization (PSO) algorithm. This technique uses a non-linear approach
to minimize the error between the location of each particle and the target by accelerating particles through the search space
until the target is found. When applied to a swarm of UAVs, the PSO algorithm did not produce the desired performance
results. The second method used a linear algorithm to determine the correct heading and maneuver the swarm toward the target
at a constant velocity. This thesis shows that the second approach is more practical to a UAV swarm. New results are shown
to demonstrate the application of the algorithm to the swarm movement.

DTIC
Automatic Control; Autonomy; Intelligence; Nonlinear Systems, Pilotless Aircraft; Remotely Piloted Vehicles

20050200981 Naval Postgraduate School, Monterey, CA USA

Integration of Mini-UAVs at the Tactical Operations Level: Implications of Operations, Implementation, and
Information Sharing

Crouch, Collier C.; Jun. 2005; 199 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435680; No Copyright; Avail: Defense Technical Information Center (DTIC)

Small units maneuvering on the battlefield have little time to establish data links and interface with the Global Information
Grid (GIG) while trying to achieve an objective. The bandwidth and interface requirements necessary to receive live data from
current strategic level systems limit the small unit operational user’s ability to receive and act upon data and intelligence.
Without the ability to interface with current strategic-level UAV assets, these small units are left without a comprehensive
operational picture. Mini-UAVs offer the capability for the tactical user, in a variety of missions, to have direct control over
the aerial asset without intervention from higher authority. Organic UAV assets can be used to collect data relevant to small
units without the need for connecting to intelligence systems. This offers increased mobility and a dedicated collection
platform; however, there are still drawbacks to this capability. This thesis examines mini-UAVs, and their integration into the
Coalition Operating Area Surveillance and Targeting System (COASTS) network.

DTIC
Aircraft; Reconnaissance; Surveillance; Warfare

20050201010 Defense Acquisition Univ., Fort Belvoir, VA USA

The Air Force KC-767 Tanker Lease Proposal: Key Issues for Congress

Bolkcom, Christopher; Sep. 2003; 87 pp.; In English

Report No.(s): AD-A435734; No Copyright; Avail: Defense Technical Information Center (DTIC)
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The Air Force wishes to replace its KC-135E aircraft by leasing 100 new Boeing KC-767 tankers. The Air Force indicates
that leasing is preferred because it will result in faster deliveries than outright purchasing. Air Force leaders argue that a lease
will allow them to husband scarce procurement dollars by making a small down payment. Although Congress authorized the
proposed lease in the FY2002 DOD Appropriations Act, it stipulated that the defense oversight committees must approve the
lease only the Senate Armed Services Committee has yet to approve. The lease proposal has been controversial and issues
raised thus far include: Whether there is an urgent need to replace the KC-135-135 fleet. The Air Force states that replacing
the KC-135 is urgent, citing high costs, aircraft vulnerability to catastrophic problems, and the imminent closing of the 767
production line. Opponents of the lease state that operating costs are controllable and will be far lower than the overall costs
of leasing the 767; that the vulnerability is no more than depicted in a 2-year old study which the Air Force found acceptable;
and that the 767 production line is viable until 2006-2008. Whether the KC-767 is the right airplane. If acquired, the KC-767
may be in DoD’s inventory for 50 years. The Air Force says that the KC-767 is much more capable than the KC-135.
Opponents say that other aircraft are even better than the KC-767 in meeting the Air Force’s requirements. The Air Force
opposes re-engining KC-135Es, but opponents say it merits attention, as does outsourcing aerial refueling.

DTIC
Government Procurement, Tanker Aircraft

20050201016 Naval Postgraduate School, Monterey, CA USA

Enhancing the Extended Awareness Capability of the ESG: Integrating Shotspotter and Cursor on Target Technologies
with Unmanned Aerial Vehicles to Enhance the Mission Capability of the ESG

Schaeffer, Kevin M.; Gibbons, Thomas J., Jr; Jun. 2005; 117 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435746; No Copyright; Avail: Defense Technical Information Center (DTIC)

This thesis discusses two emerging technologies and how their integration with UAVs can improve the situational
awareness capability of the Expeditionary Strike Group. Shotspotter is an acoustic gunshot detection system and Cursor on
Target is an XML based schema to enhance information exchanges. When integrated with UAVs, these two technologies will
drastically improve an ESG’s efficiency and lethality in combat.

DTIC
Aircraft; Electrostatic Gyroscopes; Pilotless Aircraft; Sound Detecting and Ranging; Targets

20050201020 Massachusetts Inst. of Tech., Cambridge, MA USA
Report on the AFOSR Workshop on UAV Testbeds and Simulations
How, Jonathan; Jan. 2005; 6 pp.; In English
Contract(s)/Grant(s): FA9550-04-1-0405
Report No.(s): AD-A435759; AFRL-SR-AR-TR-05-0297; No Copyright; Avail: CASI; A02, Hardcopy

The workshop was held in August following the contractors meeting to discuss the UAV testbeds that are currently being
developed by several academic groups working with AFOSR, and AFRL. The main purpose of the workshop was to bring the
primary researchers together with the goals of: (1) Developing a consistent and flexible simulation environment for the
cooperative control problem. The primary roles of this simulation would be to facilitate communication between researchers
(both academic and government) using a common platform with consistent assumptions. The scenarios and setup would be
designed to focus on the role of uncertainty in the distributed control problem (either due to inconsistent or incomplete
information) and (2) Establishing what UAV platforms are currently available. What demonstrations have been done, and what
do we expect to show in the next 3 years?
DTIC
Aircraft; Simulation; Test Stands

20050201057 Defense Acquisition Univ., Fort Belvoir, VA USA

Tactical Aircraft Modernization: Issues for Congress

Bolkcom, Christopher; Mar. 2004; 19 pp.; In English

Report No.(s): AD-A435817; IB92115; No Copyright; Avail: Defense Technical Information Center (DTIC)

This Issue Brief examines the Department of Defense’s (DoD) four largest tactical aircraft modernization programs. The
background section provides a brief description of each program, and a discussion of how tactical aircraft fit into military air
operations (i.e., the missions they typically perform, and how they contrast to long-range combat aircraft). The Analysis
section examines a number of policy issues, including affordability, capability required, force structure, service roles and
missions, industrial base, and transformation. The paper concludes with a synopsis of recent congressional action on these
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programs. The Defense Department plans to buy the F/A-22 fighter for the Air Force, the F/A-18E/F fighter/attack plane for
the Navy, and the V-22 tilt-rotor aircraft for the Marines, as well as pursue a joint service program to develop a multi-role Joint
Strike Fighter (JSF) aircraft in three variants, some of which might be operational around 2010. Decisions in Congress and
DoD regarding these aircraft programs may have important long-term implications. The F/A-18E/F is entering production. The
V-22 and the F/A-22 are now in transition from research and development to procurement and could remain in production for
decades. The next-generation combat aircraft that are expected to result from joint service efforts now getting underway
through the JSF program might be in production through the 2020s. Decisions about the funding of these programs will
influence which U.S. aircraft manufacturers survive in the aviation industry, and may well affect the division of combat roles
and missions among the services in the next century. Because of the lack of consensus about future threats and defense
requirements, there has been increasing skepticism about the need for some of these aircraft programs on the grounds of cost
and affordability, military requirements and force levels, and effects on the defense industrial base.

DTIC

Fighter Aircraft; Industries, Jet Aircraft; Procurement; Tilt Rotor Aircraft

20050201069 Georgia Inst. of Tech., Atlanta, GA USA
Development of Stress Gradient Enhanced Piezoelectric Actuator Composites
Lynch, Christopher S.; Nov. 2004; 37 pp.; In English
Contract(s)/Grant(s): F49620-02-1-0030
Report No.(s): AD-A435846; AFRL-SR-AR-TR-05-0294; No Copyright; Avail: CASI; A03, Hardcopy

This report describes a multifunctional skin material that integrates piezoelectric layers to achieve multiple functions.
These materials act as structural elements, have embedded piezoelectric actuation for shape control and active vibration
suppression, and have in integral NDE system that utilizes a portion of the piezoelectric element for the detection of
delaminations and cracks. Classical lamination theory modified to include piezoelectric layers was used as a design tool for
the development of the skin material. The design utilized differential thermal expansion during processing to induce a residual
compressive stress in the piezoelectric layer of the active skins resulting in high reliability and good resistance to fatigue.
DTIC
Actuators; Composite Materials; Delaminating; Detection; Laminates; Piezoelectricity; Stress Distribution

20050201087 Naval Postgraduate School, Monterey, CA USA

Implementation and Analysis of the Chromakey Augmented Virtual Environment (ChrAVE) Version 3.0 and Virtual
Environment Helicopter (VEHELO) Version 2.0 in Simulated Helicopter Training

Hahn, M. E.; Jun. 2005; 143 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435874; No Copyright; Avail: Defense Technical Information Center (DTIC)

The Chromakey Augmented Virtual Environment (ChrAVE) 3.0 System is a training system created to augment initial,
refresher, and proficiency training in helicopter aviation using accurate simulation. Designed around advanced chromakey
technologies, this system is deployable, scalable, and flexible, allowing for use in austere environments such as aboard ship
or in forward deployed locations. The goal of system development was to prove that a collection of commercially available
components could be integrated along with the Virtual Environment Helicopter (VEHELO) 2.0 software package in order to
provide a realistic simulated environment in which pilots can practice skill sets that are critical to mission success. The focus
of this thesis is the validation of ChrAVE 3.0 as an augmented trainer that can be adapted for use inside an actual aircraft
cockpit. By placing the pilot in the most realistic simulation available ChrAVE 3.0 will enhance development of skills such
as Terrain Appreciation, Crew Resource Management (CRM), and Situational Awareness (SA). Continuing past research, this
thesis will analyze empirical data collected from training flights to further prove its value as an instructional tool. ChrAVE 3.0
is housed in three man-portable containers and can be set up within minutes with little or no prior experience.

DTIC
Education; Flight Training; Helicopters, Simulation

20050201088 Naval Postgraduate School, Monterey, CA USA
A Kernel Approach to the Estimation of Performance Measures in a Helicopter Ambulance Service with Missing Data
Gunes, Ersan; Jun. 2005; 91 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435875; No Copyright; Avail: Defense Technical Information Center (DTIC)

We study two different operational scenarios for a regional air ambulance service-company which has bases in Northern
California. Two of these bases serve the land areas encompassed roughly in a circular area of radius 100 miles centered in
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Gilroy and Salinas, respectively; with a large part of their coverage areas reachable from either base. The base in Salinas
currently operates one helicopter only from Thursday to Monday, whereas the base in Gilroy operates one helicopter 24/7. The
company is considering extending the operation of one helicopter to 24/7 for its Salinas base. In this study we analyze the
operational impacts of that extension, and develop a framework that can be applied towards the study of the ambulance
assignment problem faced by small operators.

DTIC

Ambulances; Helicopters; Kernel Functions; Medical Services

20050201111  Wyle Labs., Inc., San Antonio, TX USA
Modification and Test of the CSU-13 B/P G-Suit for Use in the F/A-22
Balldin, Ulf; O’Connor, Robert; Isdahl, Wayne; Werchan, Paul; Jun. 2005; 28 pp.; In English
Contract(s)/Grant(s): Proj-7757
Report No.(s): AD-A435959; AFRL-HE-BR-TR-2005-0046; No Copyright; Avail: CASI; A03, Hardcopy

In order to use the CSU 13 B/P G-suit in the F/A-22, modification of the suit or its aircraft mounted hoses are required.
Necessary modifications were produced by the AFRL/HEP division. In unmanned tests the modified CSU-13 B/P G-suit
passed all the tests regarding leakage, endurance, proof., burst leakage, and fill rate up to +9 G. Six human subjects were tested
in the centrifuge with the CSU 13 B/P G-suit with hose inlet on the right or left side, and with COMBAT EDGE and Advanced
Technology G Suit (CE-ATAGS). The tests did reveal any differences in the subjects tolerated G-levels during gradual onset
runs with the two 13 B/P G-suits, but CE-ATAGS revealed a statistically significant lowered discomfort level and heart rate.
During rapid onset runs G-duration was longer and heart rate was lower with CE-ATAGS. During simulated combat maneuver
G-exposures the subjective effort level was lower with CE-ATAGS. Other comparisons did not show any statistically
significant differences. In conclusion, no significant differences were shown between the use of CSU 13 B/P G-suit with the
hose inlet on left or right side. However, CE-ATAGS showed some benefit over the CSU-13 B/P equipment conditions.
DTIC
Fighter Aircraft; Jet Aircraft; Pressure Suits

20050201115 QuesTek Innovations, LLC, Evanston, IL USA

Corrosion Resistant Steels for Structural Applications in Aircraft

Olson, Gregory; Feb. 2005; 211 pp.; In English; Original contains color illustrations
Contract(s)/Grant(s): DACA72-01-C-0030; Proj-PP-1224

Report No.(s): AD-A435967; No Copyright; Avail: Defense Technical Information Center (DTIC)

Unlike chrome plating, where environmental and health problems are generally associated with the plating process, the
problems with cadmium are intrinsic to the metal itself, creating occupational safety and health (OSH) risks and raising
maintenance costs throughout the life of all cadmium plated parts. The only long-term answer to the problem is not a coating
but a new steel that not only obviates the need for a coating but also eliminates these failures. This steel will be used not only
in new landing gear designs, but also for sustainment of legacy systems, which is the reason that the Aging Landing Gear Life
Extension program (ALGLE) is assisting in funding the development.

DTIC
Coatings; Corrosion Resistance; Landing Gear; Steels; Structural Design

20050201122 Civil Engineer Squadron (778th), Robins AFB, GA USA

Cost-Effective Ventilation of a Large-Aircraft Painting Facility at Robins AFB, Georgia

Wander, Joseph D.; Deaver, William H., III; Thovson, Jerry K.; Hurley, Toni; Doddington, Gerald; Apr. 2005; 51 pp.; In
English

Contract(s)/Grant(s): Proj-2103

Report No.(s): AD-A435985; AFRL-ML-TY-TR-2004-4518; No Copyright; Avail: Defense Technical Information Center
(DTIC)

Spray painting of large aircraft requires moving enormous quantities of air in an ordered manner to 1) clear overspray
particles from the coated surface; 2) dilute the paint solvent vapors below their Lower Explosive Limit (LEL); and 3) keep
concentrations of air toxic vapors and particles in the vicinity of the painting crew below the Occupational Exposure Limit
(OEL). Standards promulgated in 29 CFR 1910.94 and 1910.107 prohibiting the use of partial exhaust recirculation were
based on consensus standards that have since been revised to accommodate technology advances. Whereas the language of
29 CFR has not been revised, a body of interpretations has accumulated that provides a clear picture that a facility using
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technology that provides ‘equal or better protection’ to its personnel enjoys immunity from citation under these standards. This
paper describes the steps followed by a team of Robins AFB personnel to establish that an 80% recirculating design moving
air at 60 ft/min will comply with 29 CFR 1910.1000 and National Fire Protection Association document 33, and to develop
a set of design specifications for the construction of a climate-controlled hangar to paint C-5 aircraft at a cost saving of *$1M
per plane compared to a conventionally designed (fresh air, 120 ft/min airflow) hangar.

DTIC

Circulation; Cost Effectiveness; Paints; Transport Aircraft; Ventilation

20050201613 Office of the Under Secretary of Defense (Acquisitions and Technology), Washington, DC USA
100TH T-38C Delivery Ceremony (Defense Acquisition Review Journal)
Ott, David D.; Davis, James B.; Oct. 2002; 13 pp.; In English
Report No.(s): AD-A435320; No Copyright; Avail: CASI; A03, Hardcopy

In 2000, the USA Air Force T-38 Avionics Upgrade System Program Office began to pursue Lean initiatives to reduce
out-year program cost and delivery risk at the Boeing T-38C Upgrade facility located at Williams Gateway Airport facility in
Mesa, Arizona, The T-38 Avionics Upgrade Program production system baseline plan was conventional for legacy aircraft
upgrade and modification programs using a mass/craft assembly stationary dock approach, For a successful transition from
conventional to Lean production, program management support is critical, The T-38 Program Office in St, Louis, Missouri
proposed a four-phase approach to implementation This approach and the benefits derived from the process are discussed,
DTIC
Aircraft; Production Planning; Project Planning

20050201617 Defense Acquisition Univ., Fort Belvoir, VA USA

F/A-22 Raptor

Bolkcom, Christopher; Apr. 2004; 26 pp.; In English

Report No.(s): AD-A435449; No Copyright; Avail: Defense Technical Information Center (DTIC)

The F/A-22 Raptor is a next-generation fighter/attack aircraft that features the latest stealth technology to reduce detection
by radar. Using more advanced engines and avionics than the Current F-15 Eagle, the F/A-22 is intended to maintain U.S. Air
Force capabilities against more sophisticated aircraft and missiles in the 21st century. This report examines the Air Force’s
F/A-22 Raptor program, including costs and schedule; considers several key issues, and concludes with a synopsis of recent
legislative activity the program. In 1986 two contractors were selected to build competing prototypes, Lockheed’s YF-22 and
Northrop’s YF-23, which were flight tested in late 1990. In April 1991, the Air Force selected Locld%ed’s YF-22 design for
full-scale development, now termed %ngineering & Manufacturing Development’ (EMD). The aircraft is powered by Pratt &
Whitney’s F119 engine, selected in competition with General Electric’s F120 engine. If produced as now projected, F/A-22s
cotild begin replacing F-15s after 2005. Through FY2004, Congress provided some $41 billion for the F/A-22 A 279-aircraft
program was estimated by DOD in December 2003 to cost about $72 billion in actual prior-year and projected out-year
expenditures. The Adrnhiistration’s FY2005 budget requested $4.5 billion for the F/A-22 program in procurement and
development funds. The F/A-22 has had strong Congressional support, alihough some have criticized the program on grounds
of cost, requirements, and coordination with other tactical aircraft programs. Deletion of procurement funds in the FY2000
defense appropriation bill passed by the House made the friture of the program a major issue for House and Senate conferees
in 1999.

DTIC
Fighter Aircraft; Aircraft Engines; F-15 Aircraft; Stealth Technology

20050201626 Naval Postgraduate School, Monterey, CA USA

Friction Stir Processing of Nickel-Aluminum Propeller Bronze in Comparison to Fusion Welds
Murray, David L.; Jun. 2005; 91 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435463; No Copyright; Avail: Defense Technical Information Center (DTIC)

Friction Stir Processing (FSP) is currently being considered for use in manufacture of the Navy’s NiAl bronze propellers.
Incorporating this technology may improve service performance and enable reduction of manufacturing time and cost. This
program of research has employed miniature tensile sample designs to examine the distributions of longitudinal properties
through the various regimes in a fusion weld. Also, the distributions of both longitudinal and transverse properties throughout
the stir zones for selected FSP conditions were examined. Yield strengths were larger in various FSP conditions by at least
a factor of two relative to fusion welds. Ultimate strengths were comparable in the weld pool and stir nugget. Widmanstaetten
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microstructures and microvoid formation and coalescence in the fracture surface resulted in high ductilities in weld metal and
the stir nugget. The thermomechanically affected zone of FSP and the heat affected zone of a fusion weld both exhibit low
ductility. This may reflect formation of beta upon heating to temperatures of 800-850 degrees C, followed by rapid cooling
and transformation of the beta to form martensitic transformation products in their respective microstructures. For a
single-pass raster pattern, transverse ductility is lower than longitudinal ductility. For a multi-pass raster, transverse ductility
is higher than longitudinal ductility. For multi-pass raster and spiral patterns in FSP, the data show that the mechanical
properties are more nearly isotropic.

DTIC

Aluminum Alloys; Bronzes; Friction Stir Welding; Friction Welding; Fusion Welding,; Nickel Alloys; Nickel Aluminides;
Propellers; Welded Joints

20050201656 Defense Acquisition Univ., Fort Belvoir, VA USA

F-35 Joint Strike Fighter (JSF) Program: Background, Status, and Issues

Bolkcom, Christopher; Apr. 2004; 30 pp.; In English

Report No.(s): AD-A435621; CRS-RL30563; No Copyright; Avail: Defense Technical Information Center (DTIC)

The Defense Department’s F-35 Joint Strike Fighter (JSF) is one of three aircraft programs at the center of current debate
over tactical aviation, the others being the Air Force F/A-22 fighter and the Navy F/A-18E/F fighter/attack plane. In November
1996, the Defense Department selected two major aerospace companies, Boeing and Lockheed Martin, to demonstrate
competing designs for the JSF, a joint- service and multi-role fighter/attack plane. On October 26, 2001, the Lockheed Martin
team was selected to develop further and to produce a family of conventional take-off and landing (CTOL), carrier-capable
(CV), and short take-off vertical landing (STOVL) aircraft for the U.S. Air Force, Navy, and Marine Corps and the U.K. Royal
Navy as well as other allied services. Originally designated the Joint Advanced Strike Technology (JAST) program, the JSF
program is a major issue in - Congress because of concerns about its cost and budgetary impact, effects on the defense
industrial base, and implications for U.S. national security in the early 21st century.

DTIC
Fighter Aircraft; Defense Program

20050201657 Defense Acquisition Univ., Fort Belvoir, VA USA

Army Transformation and Modernization: Overview and Issues for Congress

Bruner, Edward F.; Mar. 2004; 7 pp.; In English

Report No.(s): AD-A435673; No Copyright; Avail: Defense Technical Information Center (DTIC)

Modernization is not a new issue or objective for U.S. military forces but it has taken on new urgency because of: the
post-Cold War downsizing and procurement reductions, the new global environment and unexpected requirements, and the
promise of a ‘revolution in military affairs’ (RMA) suggested by rapid developments in computers, communications, and
guidance systems. The last notable surge in modernization culminated during the ‘Reagan build-up’ of the 1980’s. Weapons
and doctrines developed and fielded in that era made fundamental contributions to USA successes in the Cold War, the Gulf
War, and Kosovo. For the Army, such weapons included the M1 Abrams tank, M2 Bradley armored fighting vehicle, Apache
attack helicopter, Blackhawk utility helicopter, and Patriot air defense system.

DTIC
International Relations; Military Vehicles;, Guidance (Motion)

20050201673 Merrell Publishers Ltd., London, UK
Aerospace Design: Aircraft, Spacecraft, and the Art of Modern Flight
Springer, Anthony M.; August 2003; 192 pp.; In English; See also 20050201674 - 20050201680; Copyright; Avail: Other
Sources

This volume presents the airplanes, boosters, and space vehicles produced by NASA and its predecessor organization, the
National Advisory Committee on Aeronautics (NACA) and celebrates the unrivaled passion for excellence and creativity in
design. The topics include: 1) Why do airplanes look the way they do? 2) The airplane and the streamline idion in the USA;
3) Design for performance: The role of aesthetics in the development of aerospace vehicles; 4) Beauty in the beast: form and
function in the early development of wind tunnels; 5) An indispensable ingredient: flight research and aircraft design; 6)
Design for eons: of space and beyond; and 7) The future of flight
CASI
Aerospace Engineering; Space Flight; Aircraft Design
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20050201674 Smithsonian Institution, Washington, DC, USA
The Airplane and the Streamline Idiom in the USA
Pisano, Dominick A.; Aerospace Design: Aircraft, Spacecraft, and the Art of Modern Flight; August 2003, pp. 39-51; In
English; See also 20050201673; Copyright; Avail: Other Sources

As a means of travel, commerce, and warfare, the airplane has brought about significant changes to the lives of people
throughout the world. Indeed, its importance is so great that it can be said to have changed the course of civilization. Less
obvious, however, and greatly overshadowed by its commercial and war-making potential, is the airplane s effect on American
aesthetic and cultural values in the period beginning immediately before World War I and ending in the late 1930s.
Derived from text
Commerce; Military Operations; Aircraft Design

20050201675 Smithsonian Institution, Washington, DC, USA
Design for Performance: The Role of Aesthetics in the Development of Aerospace Vehicles
Anderson, John, Jr.; Aerospace Design: Aircraft, Spacecraft, and the Art of Modern Flight; August 2003, pp. 53-79; In
English; See also 20050201673; Copyright; Avail: Other Sources

Airplanes of all sizes and shapes fly overhead. When we pause to observe them, we see that many are aesthetically
beautiful; a Boeing 777 jetliner, with its long, slender fuselage and gracefully swept wings, is a sight pleasing to the eye. The
reason this author is an aeronautical engineer is the intense joy he experienced in building scale-model airplanes as a teenager,
motivated by their aesthetic beauty. But did designers intentionally shape these airplanes to look beautiful, or was it simply
a matter of form following function? This essay explores the role of aesthetics in aerospace vehicle design, especially in cases
where the designers have pushed the limits of the technology. The American Heritage Dictionary of the English Language
defines aesthetics as ‘The branch of philosophy that provides a theory of the beautiful and of the fine arts.” The term was first
introduced in the eighteenth century by the philosopher Alexander Baumgarten in his discussions on the science of perceptible
beauty. The art world deals with this term with some uncertainty.
Derived from text
Aerospace Vehicles; Aircraft Models; Swept Wings

20050201676 Smithsonian Institution, Washington, DC, USA
Why Do Airplanes Look the Way They Do?
Crouch, Tom D.; Aerospace Design: Aircraft, Spacecraft, and the Art of Modern Flight; August 2003, pp. 29-37; In English;
See also 20050201673; Copyright; Avail: Other Sources

Why do airplanes look the way they do? The answer to that question begins with the realization that weight is the great
enemy of flight. A flying machine is the only craft that has to lift into the air its own weight and that of a crew and useful
payload before it can even begin to do its job. The most basic goal of the aeronautical engineer is to provide a flying machine
that will meet its performance requirements and offer adequate strength and safety with minimum weight. As a consequence
of that unforgiving problem, a successful aircraft design will reflect the underlying technology. Cayley s first glider had a
simple fixed wing, control surfaces, and a means of tying these essential elements together. Anything else would have been
excess weight. The means of achieving flight have evolved over time. Improved methods of propulsion, breakthroughs in
aerodynamics, the advent of new materials, and a host of other factors that enabled us to fly higher, faster, farther, and more
efficiently have reshaped our vision of the ideal airplane at critical moments during the century- long history of aviation.
Derived from text
Aerodynamics; Control Surfaces; Propulsion; Safety

20050201678 NASA Dryden Flight Research Center, Edwards, CA, USA
An Indispensable Ingredient: Flight Research and Aircraft Design
Gorn, Michael H.; Aerospace Design: Aircraft, Spacecraft, and the Art of Modern Flight; August 2003, pp. 106-129; In
English; See also 20050201673; Copyright; Avail: Other Sources

Flight research-the art of flying actual vehicles in the atmosphere in order to collect data about their behavior-has played
a historic and decisive role in the design of aircraft. Naturally, wind tunnel experiments, computational fluid dynamics, and
mathematical analyses all informed the judgments of the individuals who conceived of new aircraft. But flight research has
offered moments of realization found in no other method. Engineer Dale Reed and research pilot Milt Thompson experienced
one such epiphany on March 1, 1963, at the National Aeronautics and Space Administration s Dryden Flight Research Center
in Edwards, California. On that date, Thompson sat in the cockpit of a small, simple, gumdrop-shaped aircraft known as the
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M2-F1, lashed by a long towline to a late-model Pontiac Catalina. As the Pontiac raced across Rogers Dry Lake, it eventually
gained enough speed to make the M2-F1 airborne. Thompson braced himself for the world s first flight in a vehicle of its kind,
called a lifting body because of its high lift-to-drag ratio. Reed later recounted what he saw:

Derived from text

Aircraft Design; Computational Fluid Dynamics, Lift Drag Ratio; Lifting Bodies

20050201944 Southwest Research Inst., San Antonio, TX USA
Polymer Flammability
Lyon, R. E.; Janssens, M. L.; May 2005; 86 pp.; In English
Report No.(s): PB2005-108934; No Copyright; Avail: CASI; A05, Hardcopy

This report provides an overview of polymer flammability from a materials science perspective and describes currently
accepted test methods to quantify burning behavior. Simplifying assumptions about the gas and condensed phase processes
of flaming combustion provide mathematical relationships between polymer properties, chemical structure, flame resistance,
and fire behavior that can be used to design fire-resistant plastics.
NTIS
Compartments; Fires; Flammability;, Heat Transfer; Plastics

20050202081 NASA Glenn Research Center, Cleveland, OH, USA

Advanced Vibration Analysis Tools and New Strategies for Robust Design of Turbine Engine Rotors

Min, James B.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
The adverse effects of small, random structural irregularities among the blades, called mistuning, can result in blade

forced-response amplitudes and stresses that are much larger than those predicted for a perfectly tuned rotor. Manufacturing

tolerances, deviations in material properties, or nonuniform operational wear causes mistuning; therefore, mistuning is

unavoidable. Furthermore, even a small mistuning can have a dramatic effect on the vibratory behavior of a rotor because it

can lead to spatial localization of the vibration energy (see the following photographs). As a result, certain blades may

experience forced response amplitudes and stresses that are substantially larger than those predicted by an analysis of the

nominal (tuned) design. Unfortunately, these random uncertainties in blade properties, and the immense computational effort

involved in obtaining statistically reliable design data, combine to make this aspect of rotor design cumbersome.

Derived from text

Dynamic Structural Analysis; Rotors; Turbine Engines; Vibration Measurement

20050202086 NASA Glenn Research Center, Cleveland, OH, USA
Gear Damage Detection Integrating Oil Debris and Vibration Measurement Technologies Developed
Gyekeyeski, Andrew L.; Sawicki, Jerzy T.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright;
Avail: CASI; AO1, Hardcopy

The development of highly reliable health-monitoring systems is one technology area recommended for reducing the
number of helicopter accidents. Helicopter transmission diagnostics are an important part of a helicopter health-monitoring
system because helicopters depend on the power train for propulsion, lift, and flight maneuvering. One technique currently
being tested for increasing the reliability and decreasing the false alarm rate of current transmission diagnostic tools is the
replacement of simple single-sensor limits with multisensor systems integrating different measurement technologies.
Derived from text
Damage; Debris; Detection; Diagnosis, Transmissions (Machine Elements); Vibration Measurement

20050203672 NASA Langley Research Center, Hampton, VA, USA
Experimental Results from the Active Aeroelastic Wing Wind Tunnel Test Program
Heeg, Jennifer; Spain, Charles V.; Florance, James R.; Wieseman, Carol D.; Ivanco, Thomas G.; DeMoss, Joshua; Silva,
Walter A.; Panetta, Andrew; Lively, Peter; Tumwa, Vic; [2005]; 16 pp.; In English; 46th ATAA/ASME/ASCE/AHS/ASC
Structures, Structural Dynamics and Materials Conference, 18-21 Apr. 2005, Austin, TX, USA
Contract(s)/Grant(s): 23-064-50-22
Report No.(s): AIAA Paper 2005-2234; No Copyright; Avail: CASI; A03, Hardcopy

The Active Aeroelastic Wing (AAW) program is a cooperative effort among NASA, the Air Force Research Laboratory
and the Boeing Company, encompassing flight testing, wind tunnel testing and analyses. The objective of the AAW program
is to investigate the improvements that can be realized by exploiting aeroelastic characteristics, rather than viewing them as
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a detriment to vehicle performance and stability. To meet this objective, a wind tunnel model was crafted to duplicate the static
aeroelastic behavior of the AAW flight vehicle. The model was tested in the NASA Langley Transonic Dynamics Tunnel in
July and August 2004. The wind tunnel investigation served the program goal in three ways. First, the wind tunnel provided
a benchmark for comparison with the flight vehicle and various levels of theoretical analyses. Second, it provided detailed
insight highlighting the effects of individual parameters upon the aeroelastic response of the AAW vehicle. This parameter
identification can then be used for future aeroelastic vehicle design guidance. Third, it provided data to validate scaling laws
and their applicability with respect to statically scaled aeroelastic models.

Author

Aeroelastic Research Wings, Aeroelasticity; Wind Tunnel Tests; Transonic Wind Tunnels; Active Control

20050203870 Stavatti Military Aerospace, Saint Paul, MN USA

Air Weapon System Configuration Statement: SM-26S/T Machete

Jun. 2005; 17 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435977; SD-65339-WS; No Copyright; Avail: Defense Technical Information Center (DTIC)

The SM-27 MACHETE is a fixed-wing military aircraft developed to satisfy COunter INsurgency (COIN), Close Air
Support (CAS), Light Attack (LA), Forward Air Control (FAC) and Advanced Trainer (AT) missions. The SM-27 is a product
of STAVATTI MILITARY AEROSPACE, a division of STAVATTI HEAVY INDUSTRIES, LTD. (STAVATTI). There is a
distinct need for a capable replacement for OV-10 BRONCOs and A-37 DRAGONFLYs operated by U.S. allies worldwide.
With over 230 such aircraft still in service today, STAVATTI identifies the SM-27 MACHETE as the only new platform which
will effectively address this type of requirement. Furthermore, the USAF/AFRES/USANG has been operating 116 OA-10As
in satisfaction of the FAC role. The average age of the OA-10A has exceeded 22 years and this type will require replacement
within the next 10 to 20 years. The SM-27 is an appropriate successor to this type in the FAC/anti-terrorism role.

DTIC
Aircraft Configurations; Fighter Aircraft; Fixed Wings; Support Systems; Systems Engineering; Weapon Systems

20050203883 NASA Glenn Research Center, Cleveland, OH, USA
Life-Extending Control for Aircraft Engines Studied
Guo, Te-Huei; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
Current aircraft engine controllers are designed and operated to provide both performance and stability margins. However,
the standard method of operation results in significant wear and tear on the engine and negatively affects the on-wing life--the
time between cycles when the engine must be physically removed from the aircraft for maintenance. The NASA Glenn
Research Center and its industrial and academic partners have been working together toward a new control concept that will
include engine life usage as part of the control function. The resulting controller will be able to significantly extend the
engine’s on-wing life with little or no impact on engine performance and operability. The new controller design will utilize
damage models to estimate and mitigate the rate and overall accumulation of damage to critical engine parts. The control
methods will also provide a means to assess tradeoffs between performance and structural durability on the basis of mission
requirements and remaining engine life. Two life-extending control methodologies were studied to reduce the overall life-cycle
cost of aircraft engines. The first methodology is to modify the baseline control logic to reduce the thermomechanical fatigue
(TMF) damage of cooled stators during acceleration. To accomplish this, an innovative algorithm limits the low-speed rotor
acceleration command when the engine has reached a threshold close to the requested thrust. This algorithm allows a
significant reduction in TMF damage with only a very small increase in the rise time to reach the commanded rotor speed.
The second methodology is to reduce stress rupture/creep damage to turbine blades and uncooled stators by incorporating an
engine damage model into the flight mission. Overall operation cost is reduced by an optimization among the flight time, fuel
consumption, and component damages. Recent efforts have focused on applying life-extending control technology to an
existing commercial turbine engine, and doing so without modifying the hardware or adding sensors. This approach makes
it possible to retrofit existing engines with life-extending control technology by changing only the control software in the
full-authority digital engine controller (FADEC). The significant results include demonstrating a 20- to 30-percent reduction
in TMF damage to the hot section by developing and implementing smart acceleration logic during takeoff. The tradeoff is
an increase, from 5.0 to 5.2 sec, in the time required to reach maximum power from ground idle. On a typical flight profile
of a cruise at Mach 0.8 at an altitude of 41,000 ft, and cruise time of 104 min, the optimized system showed that a reduction
in cruise speed from Mach 0.8 to 0.79 can achieve an estimated 25-to 35-percent creep/rupture damage reduction in the
engine’s hot section and a fuel savings of 2.1 percent. The tradeoff is an increase in flight time of 1.3 percent (1.4 min).
Author
Aircraft Engines; Controllers; Life (Durability); Engine Control; Optimization

20


http://www.sti.nasa.gov/cprice.pdf

07
AIRCRAFT PROPULSION AND POWER
Includes primary propulsion systems and related systems and components, e.g., gas turbine engines, compressors, and fuel systems;

and onboard auxiliary power plants for aircraft. For related information see also 20 Spacecraft Propulsion and Power; 28 Propellants
and Fuels; and 44 Energy Production and Conversion.

20050199466 NASA Glenn Research Center, Cleveland, OH, USA
Vibration Test Demonstrated Dynamic Capability of an Operating Stirling Convertor
Hughes, William O.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

The NASA Glenn Research Center and the U.S. Department of Energy are currently developing a high-efficiency,
long-life, free piston Stirling convertor for use as an advanced spacecraft power system for future NASA missions. As part
of this development, a Stirling Technology Demonstrator Converter (TDC), developed by Stirling Technology Company for
the Department of Energy, was vibration tested at Glenn’s Structural Dynamics Laboratory in November and December 1999.
This testing demonstrated that the Stirling TDC is able to withstand the harsh random vibration (20 to 2000 Hz) seen during
a typical spacecraft launch and to survive with no structural damage or functional power performance degradation, thereby
enabling its use in future spacecraft power systems. Glenn and Stirling personnel conducted tests on a single 55 We TDC. The
purpose was to characterize the TDC’s structural response to vibration and to determine if the TDC could survive the vibration
criteria established by the Jet Propulsion Laboratory for launch environments. The TDC was operated at full-stroke and full
power conditions during the vibration testing.
Derived from text
Vibration Tests;, Dynamic Structural Analysis; Dynamic Response; Stirling Cycle; Converters

20050199660 NASA Glenn Research Center, Cleveland, OH, USA
Case Studies of Fatigue Life Improvement Using Low Plasticity Burnishing in Gas Turbine Engine Applications
Prevey, Paul S.; Shepard, Michael; Ravindranath, Ravi A.; Gabb, Timothy; [2003]; 10 pp.; In English; ASME Turbo Expo
2003, 16-19 Jun. 2003, Atlanta, GA, USA; Copyright; Avail: CASI; A02, Hardcopy

Surface enhancement technologies such as shot peening, laser shock peening (LSP), and low plasticity burnishing (LPB)
can provide substantial fatigue life improvement. However, to be effective, the compressive residual stresses that increase
fatigue strength must be retained in service. For successful integration into turbine design, the process must be affordable and
compatible with the manufacturing environment. LPB provides thermally stable compression of comparable magnitude and
even greater depth than other methods, and can be performed in conventional machine shop environments on CNC machine
tools. LPB provides a means to extend the fatigue lives of both new and legacy aircraft engines and ground-based turbines.
Improving fatigue performance by introducing deep stable layers of compressive residual stress avoids the generally cost
prohibitive alternative of modifying either material or design. The X-ray diffraction based background studies of thermal and
mechanical stability of surface enhancement techniques are briefly reviewed, demonstrating the importance of minimizing
cold work. The LPB process, tooling, and control systems are described. An overview of current research programs conducted
for engine OEMs and the military to apply LPB to a variety of engine and aging aircraft components are presented. Fatigue
performance and residual stress data developed to date for several case studies are presented including: * The effect of LPB
on the fatigue performance of the nickel based super alloy IN718, showing fatigue benefit of thermal stability at engine
temperatures. * An order of magnitude improvement in damage tolerance of LPB processed Ti-6-4 fan blade leading edges.
* Elimination of the fretting fatigue debit for Ti-6-4 with prior LPB. * Corrosion fatigue mitigation with LPB in Carpenter
450 steel. *Damage tolerance improvement in 17-4PH steel. Where appropriate, the performance of LPB is compared to
conventional shot peening after exposure to engine operating temperatures.
Author
Gas Turbine Engines; Heat Resistant Alloys; Shot Peening; Plastic Properties

20050199661 NASA Glenn Research Center, Cleveland, OH, USA
Future Concepts for Modular, Intelligent Aerospace Power Systems
Button, Robert M.; Soeder, James F.; August 10, 2004; 8 pp.; In English; International Energy Conversion Engineering
Conference, 15-19 Aug. 2004, Providence, RI, USA
Contract(s)/Grant(s): 22-319-20-P1; No Copyright; Avail: CASI; A02, Hardcopy

Nasa’s resent commitment to Human and Robotic Space Exploration obviates the need for more affordable and
sustainable systems and missions. Increased use of modularity and on-board intelligent technologies will enable these lofty
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goals. To support this new paradigm, an advanced technology program to develop modular, intelligent power management and
distribution (PMAD) system technologies is presented. The many benefits to developing and including modular functionality
in electrical power components and systems are shown to include lower costs and lower mass for highly reliable systems. The
details of several modular technologies being developed by NASA are presented, broken down into hierarchical levels.
Modularity at the device level, including the use of power electronic building blocks, is shown to provide benefits in lowering
the development time and costs of new power electronic components.

Author (revised)

Robotics; Modularity; Power Supplies; Thrust

20050203845 NASA Glenn Research Center, Cleveland, OH, USA
Development of Parametric Mass and Volume Models for an Aerospace SOFC/Gas Turbine Hybrid System
Tornabene, Robert; Wang, Xiao-yen; Steffen, Christopher J., Jr.; Freeh, Joshua E.; July 2005; 17 pp.; In English; Turbo Expo
2005, 6-9 Jun. 2005, Reno, NV, USA
Contract(s)/Grant(s): WBS 22-056-20-03
Report No.(s): NASA/TM-2005-213819; GT2005-68334; E-15177; No Copyright; Avail: CASI; A03, Hardcopy

In aerospace power systems, mass and volume are key considerations to produce a viable design. The utilization of fuel
cells is being studied for a commercial aircraft electrical power unit. Based on preliminary analyses, a SOFC/gas turbine
system may be a potential solution. This paper describes the parametric mass and volume models that are used to assess an
aerospace hybrid system design. The design tool utilizes input from the thermodynamic system model and produces
component sizing, performance, and mass estimates. The software is designed such that the thermodynamic model is linked
to the mass and volume model to provide immediate feedback during the design process. It allows for automating an
optimization process that accounts for mass and volume in its figure of merit. Each component in the system is modeled with
a combination of theoretical and empirical approaches. A description of the assumptions and design analyses is presented.
Author
Solid Oxide Fuel Cells; Gas Turbine Engines;, Mathematical Models; Aerospace Systems

20050203852 NASA Glenn Research Center, Cleveland, OH, USA
System-Level Design of a Shape Memory Alloy Actuator for Active Clearance Control in the High-Pressure Turbine
DeCastro, Jonathan A.; Melcher, Kevin J.; Noebe, Ronald D.; July 2005; 21 pp.; In English; 41st Joint Propulsion Conference
and Exhibit, 10-13 Jul. 2005, Tucson, AZ, USA
Contract(s)/Grant(s): WBS 22-714-70-42
Report No.(s): NASA/TM-2005-213834; E-15204; AIAA Paper 2005-3988; No Copyright; Avail: CASI; A03, Hardcopy
This paper describes results of a numerical analysis evaluating the feasibility of high-temperature shape memory alloys
(HTSMA) for active clearance control actuation in the high-pressure turbine section of a modern turbofan engine. The
prototype actuator concept considered here consists of parallel HTSMA wires attached to the shroud that is located on the
exterior of the turbine case. A transient model of an HTSMA actuator was used to evaluate active clearance control at various
operating points in a test bed aircraft engine simulation. For the engine under consideration, each actuator must be designed
to counteract loads from 380 to 2000 Ibf and displace at least 0.033 inches. Design results show that an actuator comprised
of 10 wires 2 inches in length is adequate for control at critical engine operating points and still exhibits acceptable failsafe
operability and cycle life. A proportional-integral-derivative (PID) controller with integrator windup protection was
implemented to control clearance amidst engine transients during a normal mission. Simulation results show that the control
system exhibits minimal variability in clearance control performance across the operating envelope. The final actuator design
is sufficiently small to fit within the limited space outside the high-pressure turbine case and is shown to consume only small
amounts of bleed air to adequately regulate temperature.
Author
Active Control; Actuators; High Pressure; Shape Memory Alloys; Turbofan Engines; Systems Engineering; Numerical
Analysis

20050203879 NASA Glenn Research Center, Cleveland, OH, USA
Turbopump Performance Improved by Evolutionary Algorithms
Oyama, Akira; Liou, Meng-Sing; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI,
AO1, Hardcopy
The development of design optimization technology for turbomachinery has been initiated using the multiobjective
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evolutionary algorithm under NASA’s Intelligent Synthesis Environment and Revolutionary Aeropropulsion Concepts
programs. As an alternative to the traditional gradient-based methods, evolutionary algorithms (EA’s) are emergent
design-optimization algorithms modeled after the mechanisms found in natural evolution. EA’s search from multiple points,
instead of moving from a single point. In addition, they require no derivatives or gradients of the objective function, leading
to robustness and simplicity in coupling any evaluation codes. Parallel efficiency also becomes very high by using a simple
master-slave concept for function evaluations, since such evaluations often consume the most CPU time, such as
computational fluid dynamics. Application of EA’s to multiobjective design problems is also straightforward because EA’s
maintain a population of design candidates in parallel. Because of these advantages, EA’s are a unique and attractive approach
to real-world design optimization problems.

Derived from text

Turbine Pumps; Performance Prediction; Algorithms; Design Analysis

20050203890 NASA Glenn Research Center, Cleveland, OH, USA
Progress in High Power Density SOFC Material Development for Aerospace Applications
Cable, Thomas L.; Sofie, Stephen W.; Setlock, John A.; Misra, Ajay K.; [2004]; 1 pp.; In English; 2004 Fuel Cell Seminar,
1-5 Nov. 2004, San Antonio, TX, USA
Contract(s)/Grant(s): WBS 22-708-31-01; Copyright; Avail: CASI; AO1, Hardcopy

Solid oxide fuel cell (SOFC) systems for aircraft applications require order of magnitude increase in specific power
density and long life under aircraft operating conditions. Advanced SOFC materials and fabrication processes are being
developed at NASA GRC to increase specific power density and durability of SOFC cell and stack. Initial research efforts for
increasing specific power density are directed toward increasing the operating temperature for the SOFC system and reducing
the weight of the stack. While significant research is underway to develop anode supported SOFC system operating at
temperatures in the range of 650 - 850 C for ground power generation applications, such temperatures may not yield the power
densities required for aircraft applications. For electrode-supported cells, SOFC stacks with power densities greater than 1.0
W/sq cm are favorable at temperatures in excess of 900 C. The performance of various commercial and developmental anode
supported cells is currently being evaluated in the temperature range of 900 to 1000 C to assess the performance gains and
materials reliability. The results from these studies will be presented. Since metal interconnects developed for lower
temperature operation are not practical at these high temperatures, advanced perovskite based ceramic interconnects with high
electronic conductivity and lower sintering temperatures are being developed. Another option for increasing specific power
density of SOFC stacks is to decrease the stack weight. Since the interconnect contributes to a significant portion of the stack
weight, considerable weight benefits can be derived by decreasing its thickness. Eliminating the gas channels in the
interconnect by engineering the pore structure in both anode and cathode can offer significant reduction in thickness of the
ceramic interconnect material. New solid oxide fuel cells are being developed with porous engineered electrode supported
structures with a 10 - 20 micron thin electrolyte. The performance data for advanced SOFC cells with engineered porosity in
both electrodes will be presented.
Author (revised)
Solid Oxide Fuel Cells; Aircraft Power Supplies; Stacks; Electrode Materials; Porosity

20050203899 Tokyo Metropolitan Univ., Tokyo, Japan
New Space Technology: 1km Tether to 100,000km Space Elevator
Fujii, Hironori A.; Conference on Advances in Internet Technologies and Applications, with Special Emphasis on E-Education,
E-Enterprise, E-Manufacturing, E-Mobility, and Related Issues (CAITA-2004); [2004]; 10 pp.; In English; See also
20050203892; Original contains color and black and white illustrations; Copyright; Avail: CASI; A02, Hardcopy; Available
from CASI on CD-ROM only as part of the entire parent document

Tether technology is a very old technology used for human activity in fabric works for clothes, fishing and hunting,
building, and tethering horses and dogs. The tether technology is now becoming one of new and promising technologies for
human space activities as spacecraft thrusters, power generators, and important elements of space infrastructures. The present
paper addresses some recent works of the author on the space tether technology applied to an aurora experiment using a
sounding rocket, a space solar power satellite and a space elevator for lifting us from the Earth to space.
Author
Tethering; Electric Generators, Aerospace Engineering; Technology Transfer
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20050204000 QSS Group, Inc., USA, Department of the Army, USA
Hybrid Neural-Network: Genetic Algorithm Technique for Aircraft Engine Performance Diagnostics Developed and
Demonstrated
Kobayashi, Takahisa; Simon, Donald L.; Research and Technology 2001; March 2002; 4 pp.; In English; No Copyright; Avail:
CASI; A01, Hardcopy

As part of the NASA Aviation Safety Program, a unique model-based diagnostics method that employs neural networks
and genetic algorithms for aircraft engine performance diagnostics has been developed and demonstrated at the NASA Glenn
Research Center against a nonlinear gas turbine engine model. Neural networks are applied to estimate the internal health
condition of the engine, and genetic algorithms are used for sensor fault detection, isolation, and quantification. This hybrid
architecture combines the excellent nonlinear estimation capabilities of neural networks with the capability to rank the
likelihood of various faults given a specific sensor suite signature. The method requires a significantly smaller data training
set than a neural network approach alone does, and it performs the combined engine health monitoring objectives of
performance diagnostics and sensor fault detection and isolation in the presence of nominal and degraded engine health
conditions.
Author
Genetic Algorithms; Neural Nets; Gas Turbine Engines; Fault Detection; Diagnosis

08
AIRCRAFT STABILITY AND CONTROL

Includes flight dynamics, aircraft handling qualities, piloting, flight controls, and autopilots. For related information see also 05 Aircraft
Design, Testing and Performance and 06 Avionics and Aircraft Instrumentation.

20050201064 Nukove Scientific Consulting, LL.C, Ranchos de Taos, NM USA
Adaptive Laser Beam Control Using Return Photon Statistics
Chandler, Susan M.; May 2005; 4 pp.; In English
Report No.(s): AD-A435838; AFRL-SR-AR-TR-05-0298; No Copyright; Avail: CASI; AO1, Hardcopy

This Status Report, satisfying CLIN 000 1AB for the referenced contract, highlights the progress the Nukove Team has
made during the second quarter of the Year One effort (1 March 2005-30 May 2005). Susan Chandler has had discussions with
Mew Mexico State University, and Gordon Lukesh has talked extensively with NMSU statistician Deva Borah. Susan
Chandler has had numerous discussions with Woof Consulting, solving the thorny issue of data sharing.
DTIC
Adaptive Control; Laser Beams; Optical Properties; Photons

20050204001 NASA Langley Research Center, Hampton, VA, USA
Linear-Parameter-Varying Antiwindup Compensation for Enhanced Flight Control Performance
Lu, Bei; Wu, Fen; Kim, Sung Wan; [2005]; 14 pp.; In English
Contract(s)/Grant(s): NAGI1-01119; No Copyright; Avail: CASI; A03, Hardcopy

Actuator saturation is one of the major issues of flight control in the high angle-of-attack region. This paper presents a
saturation control scheme for linear parameter varyjing (LPV) systems from an antiwindup control perspective. The proposed
control approach is advantageous from the implementation standpoint because it can be thought of as an augmented control
algorithm to the existing control system. Moreover, the synthesis condition for an antiwindup compensator is formulated as
a linear matrix inequality (LMI) optimization problem and can be solved efficiently. We have applied te LPV antiwindup
controller to an F-16 longitudinal autopilot control system design and compared it with the thrust vectoring control scheme.
The nonlinear simulations show that an LPV antiwindup controller improves flight quality and offers advantages over thrust
vectoring in a high angle-of-attack region.
Author
Control Systems Design; Flight Control; Linear Parameter-Varying Control; Optimization; Aircraft Performance
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09
RESEARCH AND SUPPORT FACILITIES (AIR)
Includes airports, runways, hangars, and aircraft repair and overhaul facilities; wind tunnels, water tunnels, and shock tubes; flight

simulators; and aircraft engine test stands. Also includes airport ground equipment and systems. For airport ground operations see 03
Air Transportation and Safety. For astronautical facilities see 14 Ground Support Systems and Facilities (Space).

20050199460 NASA Glenn Research Center, Cleveland, OH, USA
Multimillion Dollar Construction Project Completed in Glenn’s Icing Research Tunnel
Kevdzija, Susan L.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

Over the last year, the Glenn Research Center’s Icing Research Tunnel (IRT) underwent a major $5.2 million
rehabilitation project as part of the Construction of Facilities program. The scope of the project included redesign and
replacement of the 55-yr-old heat exchanger, the addition of fan outlet guide vanes for flow conditioning downstream of the
25-ft-diameter fan, and redesign and replacement of the C and D corner-turning vanes. The purpose of the rehabilitation was
to replace old portions of the infrastructure and to improve the aerodynamic flow quality in the tunnel.
Derived from text
Test Facilities; Ice Formation; Wind Tunnels

20050199761 NASA Dryden Flight Research Center, Edwards, CA, USA
Rehabilitation of the Rocket Vehicle Integration Test Stand at Edwards Air Force Base
Jones, Daniel S.; Ray, Ronald J.; Phillips, Paul; August 15, 2005; 58 pp.; In English
Contract(s)/Grant(s): 710-55-24-SE-RR
Report No.(s): NASA/TM-2005-212863; H-2566; No Copyright; Avail: CASI; A04, Hardcopy

Since initial use in 1958 for the X-15 rocket-powered research airplane, the Rocket Engine Test Facility has proven
essential for testing and servicing rocket-powered vehicles at Edwards Air Force Base. For almost two decades, several
successful flight-test programs utilized the capability of this facility. The Department of Defense has recently demonstrated
a renewed interest in propulsion technology development with the establishment of the National Aerospace Initiative. More
recently, the National Aeronautics and Space Administration is undergoing a transformation to realign the organization,
focusing on the Vision for Space Exploration. These initiatives provide a clear indication that a very capable ground-test stand
at Edwards Air Force Base will be beneficial to support the testing of future access-to-space vehicles. To meet the demand
of full integration testing of rocket-powered vehicles, the NASA Dryden Flight Research Center, the Air Force Flight Test
Center, and the Air Force Research Laboratory have combined their resources in an effort to restore and upgrade the original
X-15 Rocket Engine Test Facility to become the new Rocket Vehicle Integration Test Stand. This report describes the history
of the X-15 Rocket Engine Test Facility, discusses the current status of the facility, and summarizes recent efforts to
rehabilitate the facility to support potential access-to-space flight-test programs. A summary of the capabilities of the facility
is presented and other important issues are discussed.
Author
Engine Tests; Flight Tests; Ground Tests; X-15 Aircraft; Test Stands

20050201677 Auburn Univ., AL, USA
Beauty in the Beast: Form and Function in the Early Development of Wind Tunnels
Hansen, James R.; Aerospace Design: Aircraft, Spacecraft, and the Art of Modern Flight; August 2003, pp. 74-105; In
English; See also 20050201673; Copyright; Avail: Other Sources

If an average person were to eyeball any of the world s first wind tunnels, the initial impression would be much like Luke
Skywalker s harsh snap judgment of the Millennium Falcon. All of these pioneering aerodynamic test machines looked pretty
ugly. Certainly, nothing about their outer appearance gave away the fact that here was a machine that would prove absolutely
fundamental to the future progress of aeronautics. British experimenter Francis H. Wenham built the world s first wind tunnel
in 1871. Aesthetically, the device was not much to look at, simply a 10 foot (3 meter) long wooden horizontal box measuring
18 inches (45.7 cm) square. Through it, a flow of air was driven at speeds up to 40 miles (64 km) per hour by a small fan
located at one end. To the untrained eye, any number of everyday appliances from the Victorian age, from cotton gins to
washing machines, look more complicated and interesting than Wenham s duct. The world s next wind duct (the term ‘wind
tunnel’ was not coined until the early 1900s), built by another Englishman, Horatio Phillips, in 1884, looked only slightly less
boxy. Its more streamlined appearance was due primarily to the presence of a cone-shaped steam ejector. Made from sheet
metal with double-curved surfaces, the ejector connected to one end of a 6 foot (1.8 meter) long box in order to draw air into,
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through, and out of its test section. No one mistook Phillips’s creation for a sculpture by Rodin, who happened to be unveiling
a new masterpiece in 1884.

Derived from text

Aerodynamic Characteristics; Air Flow; Test Chambers; Wind Tunnels

20050201756 NASA Goddard Space Flight Center, USA
Gilmore Creek Geophysical Observatory
Caskey, Steve; International VLBI Service for Geodesy and Astrometry 2004 Annual Report; March 31, 2005, pp. 51-53; In
English; See also 20050201697; Original contains color illustrations; No Copyright; Avail: CASI; AO1, Hardcopy
The following report provides a general technical description and operational overview of the Gilmore Creek Geophysical
Observatory located near Fairbanks, Alaska.
Author
Geophysical Observatories; Satellite Communication

12
ASTRONAUTICS (GENERAL)
Includes general research topics related to space flight and manned and unmanned space vehicles, platforms or objects launched into,
or assembled in, outer space; and related components and equipment. Also includes manufacturing and maintenance of such vehicles

or platforms. For specific topics in astronautics see categories 13 through 20. For extraterrestrial exploration see 91 Lunar and Planetary
Science and Exploration.

20050200870 California Univ., Los Angeles, CA USA

Aerospace Technical Support for DARPA Network Modeling and Simulation Program and Cognitive Networks
Raghavendra, Cauligi; May 2005; 48 pp.; In English; Original contains color illustrations

Contract(s)/Grant(s): F30602-03-2-0135; Proj-P771

Report No.(s): AD-A435465; AFRL-IF-RS-TR-2005-210; No Copyright; Avail: Defense Technical Information Center
(DTIC)

The objective of this project was to provide technical support to the Defense Advanced Research Projects Agency’s
(DARPA) Network Modeling and Simulation (NMS) technical program. The effort acted as a facilitator for the NMS program
by gathering information from program participants to build realistic network models. This effort studied traffic
characterizations and mobility required to support future battlefield networking scenarios. Realistic mobility models for an
urban battlefield scenario were developed. These models contained sensor nodes, ad hoc ground nodes, Unmanned Aerial
Vehicles (UAV) and satellite nodes. This effort also evaluated the suitability for use in military networks, the traffic models
and analysis techniques developed by other researchers in the NMS program.

DTIC
Aerospace Systems; Communication Networks; Mathematical Models; Network Analysis; Simulation

20050200877 Air Force Research Lab., Hanscom AFB, MA USA

Electrostatic Charging of Mirrors in Space: A Plausible Cause of Solar Panel Anomalies on Satellites

Lai, Shu T.; Jul. 2005; 5 pp.; In English; Original contains color illustrations

Contract(s)/Grant(s): Proj-5021

Report No.(s): AD-A435475; AFRL-VS-HA-TR-2005-1076; No Copyright; Avail: Defense Technical Information Center
(DTIC)

The entire fleet of Boeing Model 702 geosynchronous satellites has suffered from a similar fate: degradation of the solar
cell panels. Minors flank both sides of the solar cell panels. Degradation sometimes sudden and stepwise, shortens the lifetime
of the solar cells. We suggest that space environment effects play an important role in damaging the solar cells. As a
cornerstone in this idea, we expound a theorem that high reflectivity reduces photoemission. With little or no photoemission,
mirrors often charge to minus kilovolts in eclipse as well as in sunlight, whenever the space plasma is hot enough. Since the
rest of the solar panel does not have this mirror property, differential charging between the mirrors and the rest of the solar
panel occurs during eclipse exits. We show the charging data obtained during an eclipse exit on LANL-97A satellite for
supporting the idea of differential charging. Finally, we recommend this important mirror charging property to be taken in
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account in future solar panel designs and in commercial products of spacecraft charging computer codes.
DTIC

Aerospace Environments; Anomalies; Electrostatics; Mirrors; Panels; Solar Cells; Spacecraft Charging

20050200932 Naval Postgraduate School, Monterey, CA USA

The Art of Peace: Dissuading China from Developing Counter Space Weapons

Meteyer, David O.; Jun. 2005; 123 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435590; No Copyright; Avail: Defense Technical Information Center (DTIC)

This thesis assesses the viability of applying dissuasion towards the development of offensive counter space (OCS)
systems by China. As a relatively new defense policy and certainly one that has never been explicitly applied previously, this
thesis delves into the characteristics prescribed by recent U. S. planning documents to develop a strategy that more
appropriately addresses the current security concerns. Implicitly, dissuasion is intended to prevent future arms races with
China through well-placed U.S. actions that channel adversary efforts in a direction desired by Washington. Several things
become clear during this investigation. First, very little scholarly work exists discussing the concept of dissuasion and the
mechanisms used to formulate, implement, and execute it as a defense policy. Second, that while an admirable attempt to
lessen the need for more costly policy options such as deterrence and defeat, dissuasion will not prevent China from
developing counter space weapons, especially since ground-based jammers that target satellite links have already proven
effective. Third, the best chance of dissuading China’s efforts to acquire space-based OCS systems is through international
treaties and laws.

DTIC
Aerospace Systems; China; Policies; Security; Space Weapons; United States

20050200972 Naval Postgraduate School, Monterey, CA USA

Optimizing Bandwidth on Tactical Communications Systems

Cox, Criston W., Jr; Jun. 2005; 79 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435663; No Copyright; Avail: Defense Technical Information Center (DTIC)

Current tactical networks are oversaturated, often slowing systems down to unusable speeds. Utilizing data collected from
major exercises and Operation Iraqi Freedom II (OIF II), a typical model of existing tactical network performance is modeled
and analyzed using NETWARS, a DISA sponsored communication systems modeling and simulation program. Optimization
technologies are then introduced, such as network compression, caching, Quality of Service (QoS), and the Space
Communication Protocol Standards Transport Protocol (SCPS-TP). The model is then altered to reflect an optimized system,
and simulations are run for comparison. Data for the optimized model was obtained by testing commercial optimization
products known as Protocol Enhancement Proxies (PEPs) at the Marine Support Activity (MCTSSA) testing laboratory.
DTIC
Bandwidth; Space Communication; Telecommunication

20050201033 Air Force Research Lab., Hanscom AFB, MA USA
Why Do Spacecraft Charge in Sunlight? Differential Charging and Surface Condition
Lai, Shu T.; Tautz, Maurice; Jan. 2005; 11 pp.; In English
Contract(s)/Grant(s): F19628-00-C-0089; Proj-5021
Report No.(s): AD-A435778; AFRL-VS-HA-TR-2005-1078; No Copyright; Avail: CASI; A03, Hardcopy

Why do spacecraft charge in sunlight? The first reason concerns differential charging between the sunlit and dark sides.
A monopole-dipole model describing the differential charging potential distribution yields interesting theoretical results. We
compare the results with observations. The second reason concerns reflectance. Much attention has been paid in recent years
to the effect of surface conditions on secondary emission, which plays an essential role in spacecraft charging. In comparison,
little or no attention has been paid to the effect of surface condition on photoemission, which plays a dominating role in
spacecraft sunlight charging. We present theoretical reasoning why highly reflective mirrors generate substantially reduced
photoemission. We have calculated, by using the Langmuir orbit- limited current balance equation in 1 -D, 2-D, and 3-D, the
different surface potentials of various surface materials under typical space plasma conditions, satellite surface reflectivity
values, and sunlight incidence angles. We present numerical results confining that with substantially reduced photoemission,
highly reflective surfaces would often charge to high negative potentials in sunlight.
DTIC
Artificial Satellites; Photoelectric Emission; Spacecraft Charging; Sunlight; Surface Properties
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20050201063 Department of Defense, Washington, DC USA

Legal Aspects of Offensive Information Operations in Space

Wingfield, Thomas C.; Jan. 2005; 17 pp.; In English

Report No.(s): AD-A435835; No Copyright; Avail: Defense Technical Information Center (DTIC)

What, then, are the specific steps to follow in performing a legal analysis of offensive information operations in space?
First, correctly identify the type and subtype of operation contemplated. The three types are intelligence collection, offensive
operations through satellites, and offensive operations against satellites. The subtypes for each are listed in the second section
of this paper. Second, determine if this type of operation, in the light of all relevant circumstances, rises to the level of a use
of force. Although international legal academics are only now turning to this question, the one settled concept in this area is
that an information operation crosses the Article 2(4) threshold when it produces effects comparable to those of a kinetic attack
which would be thought of as having crossed the threshold. What more than that would constitute a use of force is still an
open question. If the action is the equivalent of a use of force, it may only be undertaken pursuant to Chapter VII authorization,
or as a lawful exercise of self-defense. Assuming the legality of acting at all, the operation must be conducted in accordance
with the customary international legal standards of proportionality, discrimination, and chivalry. Offensive information
operations in space will drive a revolution in technical, tactical, and legal thought. It is for the attorney adviser to the warfighter
to present honest, closely reasoned legal advice to his client so that he may fight honorably and effectively.

DTIC
Aerospace Environments; Security

20050201653 Naval Postgraduate School, Monterey, CA USA

Multi-National Cooperation in Space Operations

Perry, David R.; Jun. 2005; 55 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435561; No Copyright; Avail: Defense Technical Information Center (DTIC)

This thesis discusses multi-national cooperation in space operations and its dependence on the human component. It
includes a discussion of the history of U.S.-Russian cooperation, specifically the Apollo-Soyuz Test Project, the Shuttle-Mir
Program and finally the origins of the International Space Station (ISS). This thesis goes into detail about the communication
process between the International Space Station, the Mission Control Center Houston (MCC-H) and the Mission Control
Center Moscow (MCC-M) with emphasis on the human component. This thesis further discusses the impact of personal
relationships in the daily operation of the International Space Station. Finally, this thesis discusses lessons learned and
additional applications where personal relationships can affect multi-national operations.

DTIC
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20050201937 Lawrence Livermore National Lab., Livermore, CA USA

Retrieval Using Texture Features in High Resolution Multi-Spectral Satellite Imagery

Newsam, S. D.; Kamath, C.; Jan. 27, 2004; 20 pp.; In English

Report No.(s): DE2005-15013919; UCRL-CONF-201981; No Copyright; Avail: Department of Energy Information Bridge
Texture features have long been used in remote sensing applications to represent and retrieve image regions similar to a

query region. Various representations of texture have been proposed based on the Fourier power spectrum, spatial

co-occurrence, wavelets, Gabor filters, etc. These representations vary in their computational complexity and their suitability

for representing different region types. Much of the work done thus far has focused on panchromatic imagery at low to

moderate spatial resolutions, such as images from Landsat 1-7 which have a resolution of 15-30 m/pixel, and from SPOT 1-5

which have a resolution of 2.5-20 m/pixel. However, it is not clear which texture representation works best for the new classes

of high resolution panchromatic (60-100 cm/pixel) and multi-spectral (4 bands for red, green, blue, and near infra-red at 2.4-4

m/pixel) imagery. It is also not clear how the different spectral bands should be combined. In this paper, we investigate the

retrieval performance of several different texture representations using multi-spectral satellite images from IKONOS. A

query-by-example framework, along with a manually chosen ground truth dataset, allows different combinations of texture

representations and spectral bands to be compared. We focus on the specific problem of retrieving inhabited regions from

images of urban and rural scenes. Preliminary results show that (1) the use of all spectral bands improves the retrieval

performance, and (2) co-occurrence, wavelet and Gabor texture features perform comparably.

NTIS
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28



20050203738 NASA Langley Research Center, Hampton, VA, USA
Vacuum/Zero Net-Gravity Application for On-Orbit TPS Tile Repair
Harvey, Gale A.; Humes, Donald H.; Siochi, Emilie J.; 23rd Space Simulation Conference Proceedings; [2005]; 26 pp.; In
English; See also 20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available
from CASI on CD-ROM only as part of the entire parent document

The Orbiter Columbia catastrophically failed during reentry February 1, 2003. All Space Shuttle flights were suspended,
including logistics support for the International Space Station. NASA Langley Research Center s (LaRC) Structures and
Materials Competency is performing characterizations of candidate materials for on-orbit repair of orbiter Thermal Protection
System (TPS) tiles to support Return-to-Flight activities led by Johnson Space Center (JSC). At least ten materials properties
or attributes (adhesion to damage site, thermal protection, char/ash strength, thermal expansion, blistering, flaming, mixing
ease, application in vacuum and zero gravity, cure time, shelf or storage life, and short-term outgassing and foaming) of
candidate materials are of interest for on-orbit repair. This paper reports application in vacuum and zero net-gravity (for
viscous flow repair materials). A description of the test apparatus and preliminary results of several candidate materials are
presented. The filling of damage cavities is different for some candidate repair materials in combined vacuum and zero
net-gravity than in either vacuum or zero net-gravity alone.
Author
Space Shuttle Orbiters, Space Maintenance; Tiles; Spacecraft Shielding; Materials Tests; Weightlessness Simulation; Vacuum
Tests

14
GROUND SUPPORT SYSTEMS AND FACILITIES (SPACE)
Includes launch complexes, research and production facilities; ground support equipment, e.g., mobile transporters; and test chambers

and simulators. Also includes extraterrestrial bases and supporting equipment. For related information see also 09 Research and
Support Facilities (Air).

20050201729 Bundesamt fuer Kartographie und Geodaesie, Germany
German Antarctic Receiving Station (GARS) O’Higgins
Schlueter, Wolfgang; Ploetz, Christian; Schwarz, Walter; Wojdziak, Reiner; International VLBI Service for Geodesy and
Astrometry 2004 Annual Report; March 31, 2005, pp. 90-92; In English; See also 20050201697; Original contains color
illustrations; No Copyright; Avail: CASI; AO1, Hardcopy

In 2004 the German Antarctic Receiving Station (GARS) in O’Higgins contributed to the IVS observing program with
10 observation sessions. Mark 5 system has been used. Remote Control Software and Hardware has been installed and
successfully used.
Author
Radio Telescopes; Very Long Base Interferometry; Receivers; Ground Stations; Satellite Communication; Antarctic Regions

20050203713 NASA Goddard Space Flight Center, Greenbelt, MD, USA
23rd Space Simulation Conference Proceedings
[2005]; In English; 23rd Space Simulation Conference, 8-11 Nov. 2004, Annapolis, MD, USA; See also 20050203714 -
20050203744; Original contains color and black and white illustrations
Report No.(s): NASA/CP-2005-212775; No Copyright; Avail: CASI; C01, CD-ROM

The proceedings of this conference address space environment simulation for full-scale ground tests of spacecraft, as well
as testing of spacecraft components and instruments. Some of the testing and simulation techniques addressed in the
conference papers include: thermal vacuum tests, cryogenic tests, thermal cycling tests, structural dynamics tests, vibration
tests, magnetic tests, weightlessness simulation, solar simulation, and Mars environment simulation. The papers also address
space environment test facilities, including their control systems.
CASI
Space Environment Simulation; Conferences; Environmental Tests;, Dynamic Structural Analysis; Ground Tests;
Environmental Laboratories; Test Facilities; Test Chambers

20050203714 General Dynamics C4 Systems, Gilbert, AZ, USA

Design And Construction of a Thermal Vacuum Test Facility for Spectrum Astro

Corral, Daniel; 23rd Space Simulation Conference Proceedings; [2005]; 54 pp.; In English; See also 20050203713; Original
contains color illustrations; No Copyright; Avail: CASI; A04, Hardcopy; Available from CASI on CD-ROM only as part of
the entire parent document
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Construction of Spectrum Astro’s 138,962 square foot Factory of the Future, housing its 17-foot diameter by 20-foot long
thermal vacuum chamber, was completed on February 9th, 2004 in Gilbert, Arizona. The state-of-theart thermal vacuum
chamber has an internal working volume of 90 cubic meters and has an operating temperature range capability of -150C to
+125C. The premier facility offers the spacecraft environmental testing industry the optimum in technologically advanced
hardware, software, safety, utility, and reliability in environmental testing. The phase O initial build-out includes the
installation and integration of a state of the art 17° diameter, 20’ long horizontal thermal vacuum chamber, capable of testing
system level flight hardware. The chamber is maintained to 10K clean room standards to accommodate most flight hardware
requirements. Internal chamber contamination is measured with two Dycor Residual Gas Analyzers (RGAs) and two 15 MHz
Quartz Crystal Microbalances (QCMs). Two types of Farraday QCM are used in the chamber, a Thermal electric Quartz
Crystal Microbalance (TQCM) and a Cryogenic Quartz Crystal Microbalance. The pumping system consists of two Kinney
mechanical roughing pumps and three 32’ custom cryopumps capable of evacuating the chamber from atmosphere to the
5x10(exp -6) Torr regime within 6 hours. Temperature monitoring is performed using 600 thermocouple channels. All chamber
data is fed into two National Instrument SCXI control modules and a National Instruments PXI control module for
environment command, control, and data acquisition. Custom LabView software script is used to interface with the
programmable logic controllers over the local area network (LAN). The custom software enables the chamber operator to
perform every environmental test operation from a single computer screen. To test the new thermal vacuum system an
acceptance test procedure (ATP) was created by the subcontractor and reviewed by Spectrum Astro to validate: time to ‘pump
down’, chamber leak test performance, ramp rates, and chamber heating and cooling capabilities.

Author (revised)
Test Facilities; Thermal Vacuum Tests; Vacuum Chambers; Environmental Tests; Space Environment Simulation;

Cryopumping

20050203715 NASA Goddard Space Flight Center, Greenbelt, MD, USA
Swift Observatory Space Simulation Testing
Espiritu, Mellina; Choi, Michael K.; Scocik, Christopher S.; 23rd Space Simulation Conference Proceedings; [2005]; 27 pp.;
In English; See also 20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy;
Available from CASI on CD-ROM only as part of the entire parent document

The Swift Observatory is a Middle-Class Explorer (MIDEX) mission that is a rapidly re-pointing spacecraft with
immediate data distribution capability to the astronomical community. Its primary objectives are to characterize and determine
the origin of Gamma Ray Bursts (GRBs) and to use the collected data on GRB phenomena in order to probe the universe and
gain insight into the physics of black hole formation and early universe. The main components of the spacecraft are the Burst
Alert Telescope (BAT), Ultraviolet and Optical Telescope (UVOT), X-Ray Telescope (XRT), and Optical Bench (OB)
instruments coupled with the Swift spacecraft (S/C) bus. The Swift Observatory will be tested at the Space Environment
Simulation (SES) chamber at the Goddard Space Flight Center from May to June 2004 in order to characterize its thermal
behavior in a vacuum environment. In order to simulate the independent thermal zones required by the BAT, XRT, UVOT,
and OB instruments, the spacecraft is mounted on a chariot structure capable of maintaining adiabatic interfaces and enclosed
in a modified, four section MSX fixture in order to accommodate the strategic placement of seven cryopanels (on four circuits),
four heater panels, and a radiation source burst simulator mechanism. There are additionally 55 heater circuits on the
spacecraft. To mitigate possible migration of silicone contaminants from BAT to the XRT and UVOT instruments, a
contamination enclosure is to be fabricated around the BAT at the uppermost section of the MSX fixture. This paper discuses
the test requirements and implemented thermal vacuum test configuration for the Swift Observatory.
Author
Astronomical Satellites; Test Facilities; Space Environment Simulation;, Thermal Vacuum Tests

20050203718 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA
Lessons Learned from the Hubble Space Telescope (HST) Contamination Control Program
Hansen, Patricia A.; Townsend, Jacqueline A.; Hedgeland, Randy J.; 23rd Space Simulation Conference Proceedings; [2005];
55 pp.; In English; See also 20050203713; Original contains color and black and white illustrations; No Copyright; Avail:
CASI; A04, Hardcopy; Available from CASI on CD-ROM only as part of the entire parent document

Over the past two decades, the Hubble Space Telescope (HST) Contamination Control Program has evolved from a
ground-based integration program to a space-based science-sustaining program. The contamination controls from the
new-generation Scientific Instruments and Orbital Replacement Units were incorporated into the HST Contamination Control
Program to maintain scientific capability over the life of the telescope. Long-term on-orbit scientific data has shown that these
contamination controls implemented for the instruments, Servicing Mission activities (Orbiter, Astronauts, and mission), and
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on-orbit operations successfully protected the HST from contamination and the instruments from self-contamination.
Author
Contamination; Hubble Space Telescope; Spacecraft Instruments; Orbital Assembly; Clean Rooms

20050203724 Canadian Space Agency, Ottawa, Ontario, Canada
Commissioning, Verification, and Validation of a Thermal Vibration Test Facility
Atkins, Gary; OGrady, Mark; Wiktowy, Michael; Singhal, Raj; 23rd Space Simulation Conference Proceedings; [2005]; 5 pp.;
In English; See also 20050203713; Original contains color illustrations; No Copyright; Avail: CASI; AO1, Hardcopy;
Available from CASI on CD-ROM only as part of the entire parent document

An under utilized electrodynamic shaker has been modified to interface with a purpose built thermal chamber. This
combined thermal-vibration environment test facility consists of a 6,000 Ib force electro-dynamic shaker operating over a
frequency bandwidth of 5 to 2,000 Hz while simultaneously thermally cycling over a temperature range of -50 to +150 C. The
necessary equipment modifications, integration and verification for commissioning the new facility are outlined.
Author
Vibration Simulators; Test Facilities; Shakers; Thermal Cycling Tests

20050203728 European Space Agency. European Space Research and Technology Center, ESTEC, Noordwijk, Netherlands
Force Measurement Device for ARIANE 5 Payloads
Brunner, Otto; Ratti, Francesco; 23rd Space Simulation Conference Proceedings; [2005]; 28 pp.; In English; See also
20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

ESTEC uses since 1991 a Force Measurement Device (FMD) for the measurement of dynamic mechanical forces and
moments. This tool allows the determination of forces and moments applied to the test hardware at its interface to the test
facilities during dynamic testing. Three forces and three moments are calculated from the measurements of eight tri-axial force
links and used to either characterize the dynamic mechanical behaviour of the test item and/or to control forces and moments
during vibration testing (force limited vibration control). The current FMD is limited to test items with an interface diameter
of up to about 1.2 m (adapter available) and a mass compatible with ARTANE 4 payloads. The limitations of the current system
come from the maximum of eight tri-axial force links and from the analogue technique of the Signal Processing Unit (SPU)
that allows only a limited number of geometric configurations for the mechanical interface. Therefore ESA decided to develop
a new FMD system. The system will include a digital real time SPU with 72 force input channels, corresponding to 24 tri-axes
force sensors or 72 mono axial force sensors. The SPU design will allow extending the number of force input channels to 144.
The set-up of the FMD will be done via a standard PC interface. The user will enter for each force sensor the location and
the measurement direction in the reference coordinate system. Based on the geometrical information and the maximum forces
and moments expected the PC will calculate the optimum range settings for the chargeamplifiers and the corresponding matrix
with weighting factors which will allow to perform a fast calculation of the six output forces and moments from the 72 (or
144) input forces. The six output channels with forces and moments can then be connected either to the vibration control
system or data acquisition system. The paper will present the status of the new FMD development and procurement. The
selection criteria for sensor and signal conditioners and trade off results for several components will be shown. Finally the
progress of the mechanical interface design will be reported.
Author
Ariane 5 Launch Vehicle; Measuring Instruments; Payloads; Dynamic Tests; Ground Tests

20050203729 General Dynamics C4 Systems, Gilbert, AZ, USA
State of the Art Multi-Functional Dynamics Test Facility
Yocum, Jason; Baker, Donald; 23rd Space Simulation Conference Proceedings; [2005]; 30 pp.; In English; See also
20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

Spectrum Astro Space Systems, a business area within General Dynamics C4 Systems, launched a multifunctional
dynamics test facility that will pave the way for world-class spacecraft integrated environmental testing. Capabilities include:
Acoustics, Vibration, Modal Survey, Static load, and Transient Capture (Shock, Separation, and Deployment). This state of
the art environmental test facility is specifically designed to efficiently test a wide range of space flight hardware. How do you
procure the title of state of the art? For starters a dynamics test facility is classified a 100K clean room. The Facility includes
a 20-ton crane with approximately 57 feet of hook height allowing for large payloads including those of a Shuttle class size.
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The acoustic capabilities include 153 dB Overall Sound Pressure Level (OASPL). Utilizing a 1/3 octave spectrum from 25
10,000 Hz, the Acoustic horn room includes a sound generation system consisting of four 100 Hz horns, one 50 Hz horn and
one large 25 Hz horn. The horns are fed by gaseous nitrogen (GN2) and chilled water used for cooling the four 100 Hz acoustic
modulators. Vibration capabilities also fall in the state of the art category. A 130,000 Ib exciter-slip table combo base located
inside the acoustic chamber with capabilities of 60,000 Ibf rms Random, 65,000 Ib(sub f pk) Sine, and 180,000 1bf shock
allows both vibration and acoustics testing to be performed simultaneously. The acoustic chamber digital control system is
equipped with automatic shutdown capability including over test protection, and adjacent areas low oxygen sensing. It also
includes horn room, main chamber, and personnel door open sensing protection.

Author (revised)

Test Facilities; Dynamic Tests; Environmental Tests; Space Environment Simulation; Test Chambers

20050203731 European Space Agency. European Space Research and Technology Center, ESTEC, Noordwijk, Netherlands
New ESA EMC Test Facility Maxwell
Popovitch, A.; Suchail, J.-L.; 23rd Space Simulation Conference Proceedings; [2005]; 15 pp.; In English; See also
20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

This paper presents the new ESA-ESTEC large EMC facility, called Maxwell. The net dimensions between the absorber
tips of this EMC chamber (14.5m x 10.7m x 11m) make it compatible with Ariane-5 single passenger launch configuration
satellites, in line with the other Environmental Test Facilities already existing at ESA-ESTEC, complementing the mechanical
vibration (HYDRA), acoustic (LEAF), thermal vacuum (LSS) and antenna/payload radio-frequency test facilities (CPTR).
Access for the specimen to the EMC chamber is made possible through a large dimension door (6m wide x 11m high), using
a non-conductive Sm x 5m air cushion pallet sliding on an anti-static epoxy coated floor. A specially designed air cooled high
power dissipation wall provides the possibility of testing high power telecommunication satellites with a dissipation capability
for RF spots up to densities of 3W/sq cm. High cleanliness absorbers lining the ceiling, the floor and the man doors have been
installed as well as state of the art fire detection and suppression systems in order to ensure a safe testing of Flight Model
satellites.
Author
Test Facilities; European Space Agency; Electromagnetic Compatibility; Buildings

20050203733 NASA Goddard Space Flight Center, Greenbelt, MD, USA
Goddard Space Flight Center Spacecraft Magnetic Test Facility Restoration Project
Vernier, Robert; Bonalosky, Todd; Slavin, James; 23rd Space Simulation Conference Proceedings; [2005]; 28 pp.; In English;
See also 20050203713; Original contains color and black and white illustrations; No Copyright; Avail: CASI; A03, Hardcopy;
Available from CASI on CD-ROM only as part of the entire parent document

The Goddard Space Flight Center Spacecraft Magnetic Test Facility (SMTF) was constructed in the 1960°s for the
purpose of simulating geomagnetic and interplanetary magnetic field environments. The facility includes a three axis
Braunbek coil system consisting of 12 loops, 4 loops on each of the three orthogonal axes; a remote Earth field sensing
magnetometer and servo controller; and a remote power control and instrumentation building. The inner coils of the Braunbek
system are 42-foot in diameter with a 10-foot by 10-foot opening through the outer coils to accommodate spacecraft access
into the test volume. The physical size and precision of the facility are matched by only two other such facilities in the world.
The facility was used extensively from the late 1960’s until the early 1990’s when the requirement for spacecraft level testing
diminished. New NASA missions planned under the Living with a Star, Solar Terrestrial Probes, Explorer, and New
Millennium Programs include precision, high-resolution magnetometers to obtain magnetic field data that is critical to
fulfilling their scientific mission. It is highly likely that future Lunar and Martian exploration missions will also use precision
magnetometers to conduct geophysical magnetic surveys. To ensure the success of these missions, ground testing using a
magnetic test facility such as the GSFC SMTF will be required. This paper describes the history of the facility, the future
mission requirements that have renewed the need for spacecraft level magnetic testing, and the plans for restoring the facility
to be capable of performing to its original design specifications.
Author
Test Facilities; Interplanetary Magnetic Fields; Geomagnetism; Full Scale Tests; Space Environment Simulation
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20050203739 Lockheed Martin Space and Strategic Missiles, Sunnyvale, CA, USA
Environmental Chamber Area (ECA)
Diehl, Manfred; Merrick, Alan; 23rd Space Simulation Conference Proceedings; [2005]; 34 pp.; In English; See also
20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

This paper describes a new facility that Lockheed Martin Corp built for the sole purpose of performing thermal and
thermal vacuum tests in small chambers. The chambers are not new, but are refurbished chambers brought up to current
electrical codes. One of the goals when building this facility was to design out the deficiencies of the previous facility along
with merging of the best features of the previous facility.
Author
Test Chambers; Thermal Vacuum Tests; Environmental Tests; Environmental Laboratories

20050203742 NASA Goddard Space Flight Center, Greenbelt, MD, USA
Upgrade of the Goddard Space Flight Center’s Mass Properties Measuring Facility
Ross, Brian P.; McLeod, Christopher; 23rd Space Simulation Conference Proceedings; [2005]; 25 pp.; In English; See also
20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

Goddard Space Flight Center has a Mass Properties Measuring Facility (MPMF), which is used to measure weight, center
of gravity, moment of inertia, and product of inertia of satellites and space flight hardware. The system was originally
purchased more than 30 years ago. While the MPMF was still in good mechanical condition, the measurement and control
subsystem had begun to experience more frequent component failures. Many of the outdated, discrete components in the
system are no longer available for replacement. A decision was made to upgrade the measurement and control subsystem of
the MPMF to improve its reliability and reduce the chance of component failures leading to extended facility outages. This
paper will describe details of the upgraded subsystems and summarize the new performance capabilities of the system.
Author
Weight Measurement; Mass, Test Facilities; Upgrading

20050203743 NASA Goddard Space Flight Center, Greenbelt, MD, USA
James Webb Space Telescope (JWST) Integrated Science Instrument Module (ISIM) Cryogenic Component Test
Facility
Packard, Edward A.; 23rd Space Simulation Conference Proceedings; [2005]; 41 pp.; In English; See also 20050203713;
Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on CD-ROM only as
part of the entire parent document

This viewgraph presentation provides information on the design, construction, and operation of a cryogenic chamber, and
its use in testing the Integrated Science Instrument Module (ISIM) for the James Webb Space Telescope (JWST).
CASI

Cryogenic Temperature; Test Facilities; Instrument Packages; Spacecraft Instruments; Low Temperature Tests

20050203744 Aerospace Testing Alliance, Arnold AFB, TN, USA, Arnold Engineering Development Center, Arnold AFS,
TN, USA
Electric Thruster Backflux and Other Simulated Space Environment Effects in AEDC’s CCOSE Chamber
Crider, Dustin; Prebola, John, Jr.; Bertrand, William; Crews, Daniel; 23rd Space Simulation Conference Proceedings; [2005];
32 pp.; In English; See also 20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy;
Available from CASI on CD-ROM only as part of the entire parent document

The Characterization of Combined Orbital Surface Effects (CCOSE) facility at the Arnold Engineering Development
Center AEDC) has been developed to provide a combined effects space environment test capability. The Office of the Secretary
of Defense (OSD) funded the development of the CCOSE material sample test facility as a prototype for a larger, combined
space environment facility. The chamber conducted a successful demonstration test in August 2003 and is currently capable
of exposing a sample material to any combination of five elements of the space environment: atomic oxygen, contamination,
solar ultraviolet radiation, charge effects, and electric thruster backflux. This paper discusses the current CCOSE
demonstration test results, a planned space environment simulation upgrade, and the technical challenges encountered and
overcome in the development of the CCOSE facility. In particular, the electric thruster backflux system required the addition
of an electrostatic lens system to achieve ion beam focusing and energy control. All electric thruster backflux system
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modifications and improvements were verified in a small AEDC research chamber prior to installation on the CCOSE
chamber. The final system was installed on the CCOSE chamber and successfully operated during the facility demonstration
test to verify CCOSE s ability to simulate the synergistic space environment.

Author

Space Environment Simulation; Test Chambers; Environmental Tests; Test Facilities
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Includes all classes of launch vehicles, launch/space vehicle systems, and boosters; and launch operations. For related information see
also 18 Spacecraft Design, Testing and Performance; and 20 Spacecraft Propulsion and Power.

20050200828 Air Force Research Lab., Edwards AFB, CA USA
Arcjet Neutralization of Hall Thrusters. II: Experimental Demonstration
Walker, Quentin E.; Gascon, N.; Cappelli, Mark A.; Hargus, William A., Jr.; Schilling, John A.; Oct. 2003; 29 pp.; In English
Contract(s)/Grant(s): Proj-1011
Report No.(s): AD-A435308; AFRL-PR-ED-TP-2003-061; No Copyright; Avail: CASI; A03, Hardcopy

This paper examines the use of an arcjet to neutralize Hall thrusters, as such a hybrid arcjet-Hall thruster concept can fill
a performance niche amongst available space propulsion options. We report on experiments that determine how much electron
current can be drawn to a surrogate anode from the plume of low power arcjets operating on hydrogen and helium, and
demonstrate the first successful operation of a low power Hall thruster-arcjet neutralizer package. In the surrogate anode
studies, we find that the drawing of current from the arcjet plume has only a weak effect on overall arcjet performance (thrust),
with a slight decrease in arc voltage with increased extracted current. A single arcjet-Hall thruster hybrid package was
assembled for concept demonstration. When operating on helium with a nominal mass flow rate of 4.5 mg/s and at very low
power levels (70-120W), the arcjet was able to effectively neutralize the 200-900W xenon Hall thruster causing little
measurable departure from the hollow-cathode neutralized Hall thruster V-I characteristics up to 250V. At higher helium mass
flow rates, the Hall discharge current was slightly perturbed from its expected values, most likely due to the ingestion of
helium in the chamber background.
DTIC
Arc Jet Engines; Electric Rocket Engines; Hall Thrusters, Propulsion

20050200837 Embry-Riddle Aeronautical Univ., Daytona Beach, FL. USA
Analysis of the DEBI Flight Data
Erdman, Peter; Jun. 2005; 5 pp.; In English
Contract(s)/Grant(s): DAAD19-03-1-0348
Report No.(s): AD-A435347; ERAU-TR-61135; ARO-45790.1-EG; No Copyright; Avail: CASI; AO1, Hardcopy

The investigation of hypervelocity shocks that began with the highly successful Bowshock I and II atmospheric sounding
rocket experiments continued with the DEBI flight experiment. Instruments aboard the earlier vehicles performed
measurements of the ultraviolet and vacuum ultraviolet emission excited in the high temperature gas produced by the shock
ahead of the hypervelocity body. With the DEBI experiment, we developed the experimental techniques and the instruments
necessary to expand those earlier experiments into the infrared portion of the spectrum where ground-state, molecular,
ro-vibrational emission can be observed as the most direct measure of shock temperatures.
DTIC
Bow Waves; Data Processing, Data Reduction; Flight Tests; Hypersonic Flight; Hypervelocity Impact; Shock Wave
Interaction; Shock Waves

20050200909 Naval Postgraduate School, Monterey, CA USA
Development of Low-Cost Satellite Control Software
Waterman, Bryan D.; Jun. 2005; 61 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435548; No Copyright; Avail: Defense Technical Information Center (DTIC)

This thesis details the development and validation procedures of the experiment control software to be used on the
NPSAT1. The software developed for a standard Linux kernel instead of an expensive proprietary space computer system
includes functions for satellite orbit prediction, precise satellite location, and adaptive experiment scheduling using inputs
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from the electrical power system, sub-satellite position, and sub-satellite local time.
DTIC

Artificial Satellites; Computer Programming; Computer Programs; Low Cost; Satellite Control

20050201005 Spectral Sciences, Inc., Burlington, MA USA

High Altitude Chemical Injections: Non-Thermal Chemical Dynamics and Flow Field Modeling

Bernstein, Lawrence; Braunstein, Matthew; Nov. 2004; 16 pp.; In English; Original contains color illustrations
Contract(s)/Grant(s): F49620-01-C-0095; Proj-1010

Report No.(s): AD-A435729; SSI-SR-237; AFRL-VS-HA-TR-2004-1202; No Copyright; Avail: Defense Technical
Information Center (DTIC)

Near UV OH(A-\gX) and NH(A-\gX) emission bands at 23100 and 3360 A, respectively, have been observed in Space
Shuttle engine exhaust using the GLO imager spectrograph located in the payload bay. Spectra were collected at a resolution
of 4 A for daytime solar illumination conditions during low-Earth orbit (LEO) maneuvers. While it is now understood that the
OH(A-X) emissions stem from solar-induced fluorescence and photodissociation of OH and H2O in the exhaust (only day
phenomenon), respectively, and exhaust H20 collisions with atmospheric atomic oxygen (night and day), the NH(A-X)
emissions have been determined to have a chemical reaction origin, whereby the reactants are not well established. The
NH(A-X) band is of particular interest since it radiates in a spectral region where it can be readily observed from the Maui
Space Surveillance Site (MSSS). In this analysis, we obtain additional clues with respect to the radiance mechanism by
analyzing the temporal variation of the near-UV spectral bands. We discuss here spectral and temporal modeling of GLO
measurements of a sequence of near-UV spectra (2 s temporal resolution) recorded during an extended daytime firing of a
Shuttle vernier reaction control system (VRCS) engine. In the VRCS engine burn, the spectrum is dominated by the narrow
NH(A-x) band. The weaker OH(A-X) band appears to be primarily produced by the reaction of atmospheric O with exhaust
H2O. This is in contrast to our analysis presented at last year’s AMOS conference in which the OH emission for a
higher-altitude PRCS daytime burn was dominated by solar excitation channels. As discussed here, the relative importance of
the solar and reactive pathways is very sensitive to both engine thrust and altitude/atmospheric O density. We also present
SOCRATES flow field and chemistry calculations of the NH(A-X) and OH(A-X) emissions.

DTIC
Chemical Reactions, Emission Spectra; Flow Distribution; High Altitude; Injection; Models; Reaction Kinetics

20050201027 Air Force Research Lab., Edwards AFB, CA USA
Properties and Improved Space Survivability of POSS (Polyhedral Oligomeric Silsesquioxane) Polyimides
Tomczak, Sandra J.; Marchant, Darrell; Svejda, Steve; Minton, Timothy K.; Brunsvold, Amy L.; Gouzman, Irina; Grossman,
Eitan; Schatz, George C.; Troya, Diego; Sun, LiPeng; Gouzman, Irina; Nov. 2004; 14 pp.; In English
Contract(s)/Grant(s): F49620-01-1-0276; F49620-01-100335; Proj-DARP
Report No.(s): AD-A435770; No Copyright; Avail: CASI; A03, Hardcopy

Kapton polyimide (PI) is widely used on the exterior of spacecraft as a thermal insulator. Atomic oxygen (AO) in lower
earth orbit (LEO) causes severe degradation in Kapton resulting in reduced spacecraft lifetimes. One solution is to coat the
polymer surface with SiO2 since this coating is known to impart remarkable oxidation resistance. Imperfections in the Si02
application process and micrometeoroid/debris impact in orbit damage the SiO2 coating, leading to erosion of Kapton. A self
passivating, self healing silica layer protecting underlying Kapton upon exposure to AO may result from the nanodispersion
of silicon and oxygen within the polymer matrix. Polyhedral oligomeric silsesquioxane (POSS) is composed of an inorganic
cage structure with a 2:3 Si:O ratio surrounded by tailorable organic groups and is a possible delivery system for
nanodispersed silica. A POSS dianiline was copolymerized with pyromellitic dianhydride and 4,4&#900;-oxydianiline
resulting in POSS Kapton Polyimide. The glass transition temperature (Tg) of 5 to 25 weight % POSS Polyimide was
determined to be slightly lower, 5 - 10 %, than that of unmodified polyimides (414 C). Furthermore the room temperature
modulus of polyimide is unaffected by POSS, and the modulus at temperatures greater than the Tg of the polyimide is doubled
by the incorporation of 20 wt % POSS. To simulate LEO conditions, POSS PI films underwent exposure to a hyperthermal
O-atom beam. Surface analysis of exposed and unexposed films conducted with X-ray photoelectron spectroscopy, atomic
force microscopy, and surface profilometry support the formation of a SiO2 self healing passivation layer upon AO exposure.
This is exemplified by erosion rates of 10 and 20 weight % POSS PI samples which were 3.7 and 0.98 percent, respectively,
of the erosion rate for Kapton H at a fluence of 8.5 x 1020 O atoms/sq cm.
DTIC
Polyimide Resins; Polyimides; Polymeric Films; Silicon Dioxide; Thermal Insulation
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20050201054 Massachusetts Inst. of Tech., Cambridge, MA USA

Numerical Treatment of Geophysical Interactions of Electrodynamic Tethers

Sanchez, Martinez; Jul. 2005; 18 pp.; In English; Original contains color illustrations

Contract(s)/Grant(s): F49620-01-1-0366

Report No.(s): AD-A435809; AFRL-SR-AR-TR-05-0251; No Copyright; Avail: Defense Technical Information Center
(DTIC)

This Report summarizes the results achieved during three years under an AFOSR Grant for the development of numerical
methods aimed at physical clarification and rational design of Electrodynamic Tethers with electron collection on the bare wire
surface. The work was mainly carried out as part of one Doctoral Thesis (Tatsuo Onishi, MIT, Aug. 2002) and three MS Theses
(Jean Benoit Ferry, MIT Aero/Astro, Dec. 2004; C.H. Zeineh, MIT AerolAstro, underway). The original PIC code of Onishi
was extended by Ferry, and their results have been documented in our two previous Yearly Reports. During the third year of
the Grant, a new and more advanced code by Dr. Oleg Batischev, of our Space Propulsion Lab, was adapted an exploited by
J. Marie Deux, whose Thesis is included as part of this Final Report. All the preceding work was aimed at the bare tether
electron collection problem, for propulsion and power applications, in addition, work was also initiated by C. Zeineh on the
application of high-voltage tethers to Radiation Belt Remediation; a preliminary account of this work (which is being extended
under a new AFOSR Grant) is also included in this Report.

DTIC
Geophysics; Numerical Analysis; Tetherlines

20050201077 California Univ., Los Angeles, CA USA

Nozzle Plume Impingement on Spacecraft Surfaces: Effects of Surface Roughness

Lilly, T. C.; Ngalande, C.; Ketsdever, Andrew; Gimelshein, S.; Alexeenko, A.; May 2005; 8 pp.; In English
Contract(s)/Grant(s): Proj-2308

Report No.(s): AD-A435858; No Copyright; Avail: Defense Technical Information Center (DTIC)

An experimental and numerical effort was undertaken to assess the effects of a cold gas (To=300K) nozzle plume
impinging on a simulated spacecraft surface. The nozzle flow impingement is investigated experimentally using a
nano-Newton resolution force balance and numerically using the Direct Simulation Monte Carlo (DSMC) numerical
technique. The Reynolds number range investigated in this study is from 0.5 to approximately 900 using helium and nitrogen
propellants. The thrust produced by the nozzle was first assessed on a force balance to provide a baseline case. Subsequently,
an aluminum plate was attached to the same force balance at various angles from 0&#9702; (parallel to the plume flow) to
10&#9702;. For low Reynolds number helium flow, a 16.5% decrease in thrust was measured for the plate at 0&#9702;
relative to the free plume expansion case. For low Reynolds number nitrogen flow, the difference was found to be 12%. The
thrust degradation was found to decrease at higher Reynolds numbers and larger plate angles. The roughness of the simulated
spacecraft surface will be a variable in the testing to be performed for this manuscript.

DTIC
Cold Gas; Impingement; Plumes; Propellants; Surface Roughness Effects

16
SPACE TRANSPORTATION AND SAFETY
Includes passenger and cargo space transportation, e.g., shuttle operations; and space rescue techniques. For related information see

also 03 Air Transportation and Safety; 15 Launch Vehicles and Launch Operations; and 18 Spacecraft Design, Testing and Performance.
For space suits see 54 Man/System Technology and Life Support.

20050199623 NASA Johnson Space Center, Houston, TX, USA
STS-114 Flight Day 10 Highlights
August 05, 2005; In English; 39 min., 14 sec. playing time, in color, with sound
Report No.(s): BRF-1438J; No Copyright; Avail: CASI; V03, Videotape-VHS; B03, Videotape-Beta

On Flight Day 10 of the STS-114 mission the International Space Station (ISS) is seen in low lighting while the Space
Station Remote Manipulator System (SSRMS), also known as Canadarm 2 grapples the Raffaello Multipurpose Logistics
Module (MPLM) in preparation for its undocking the following day. Members of the shuttle crew (Commander Eileen Collins,
Pilot James Kelly, Mission Specialists Soichi Noguchi, Stephen Robinson, Andrew Thomas, Wendy Lawrence, and Charles
Camarda) and the Expedition 11 crew (Commander Sergei Krikalev and NASA ISS Science Officer and Flight Engineer John
Phillips) of the ISS read statements in English and Russian in a ceremony for astronauts who gave their lives. Interview
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segments include one of Collins, Robinson, and Camarda, wearing red shirts to commemorate the STS-107 Columbia crew,
and one of Collins and Noguchi on board the ISS, which features voice over from an interpreter translating questions from
the Japanese prime minister. The video also features a segment showing gap fillers on board Discovery after being removed
from underneath the orbiter, and another segment which explains an experimental plug for future shuttle repairs being tested
onboard the mid deck.

CASI

Discovery (Orbiter); International Space Station; Spacecrews; Crew Procedures (Inflight)

20050199631 NASA Johnson Space Center, Houston, TX, USA
STS-114 Flight Day 11 Highlights
August 05, 2005; In English; 29 min., 53 sec. playing time, in color, with sound
Report No.(s): BRF-1438K; No Copyright; Avail: CASI; V02, Videotape-VHS; B02, Videotape-Beta

Flight Day 11 begins with the STS-114 crew of Space Shuttle Discovery (Commander Eileen Collins, Pilot James Kelly,
Mission Specialists Soichi Noguchi, Stephen Robinson, Andrew Thomas, Wendy Lawrence, and Charles Camarda) awaking
to ‘Anchors Away,” to signify the undocking of the Raffaello Multipurpose Logistics Module (MPLM) from the International
Space Station (ISS). Canadarm 2, the Space Station Remote Manipulator System (SSRMS), retrieves the Raffaello
Multipurpose Logistics Module (MPLM) from the nadir port of the Unity node of the ISS and returns it to Discovery’s payload
bay. The Shuttle Remote Manipulator System (SRMS) hands the Orbiter Boom Sensor System (OBSS) to its counterpart, the
SSRMS, for rebearthing in the payload bay as well. The rebearthing of the OBSS is shown in detail, including centerline and
split-screen views. Collins sends a message to her husband, and talks with Representative Tom DeLay (R-TX). Earth views
include the Amalfi coast of Italy. The ISS control room bids farewell to the STS-114 crew and the Expedition 11 crew
(Commander Sergei Krikalev and NASA ISS Science Officer and Flight Engineer John Phillips) of the ISS.
CASI
Discovery (Orbiter); International Space Station; Spacecrews; Space Station Mobile Servicing System; Remote Manipulator
System

20050199640 NASA Johnson Space Center, Houston, TX, USA
STS-114 Flight Day 12 Highlights
August 06, 2005; In English; 23 min., 24 sec. playing time, in color, with sound
Report No.(s): BRF-1438L; No Copyright; Avail: CASI; V02, Videotape-VHS; B02, Videotape-Beta

Flight Day 12 features a night undocking of Space Shuttle Discovery (Commander Eileen Collins, Pilot James Kelly,
Mission Specialists Soichi Noguchi, Stephen Robinson, Andrew Thomas, Wendy Lawrence, and Charles Camarda) from the
International Space Station (ISS). The STS-114 crew and the Expedition 11 crew of the ISS (Commander Sergei Krikalev and
NASA ISS Science Officer and Flight Engineer John Phillips) bid each other farewell. Prior to the undocking, Discovery and
Mission Control are heard discussing troubleshooting of an oxygen flow sensor. Crew preparations for undocking are also
heard. After the spacecraft are shown separating, Collins discusses with Mission Control possible debris seen on a monitor.
The video includes several scenes of the ISS from the shuttle orbiter, one with Kazakhstan and another with the Himalayas
in the background, and another shot with a hand-held camera by Noguchi. Other Earth views include the Sinai Peninsula and
Nile Delta in Egypt, a storm at sea, and a black and white view of the Southern Lights over Australia.
CASI
Discovery (Orbiter); International Space Station; Spacecrews; Spacecraft Docking; Crew Procedures (Inflight); Voice
Communication

20050199655 NASA Johnson Space Center, Houston, TX, USA
STS-114 Flight Day 13 Highlights
August 07, 2005; In English; 31 min. playing time, in color, with sound
Report No.(s): BRF-1438M; No Copyright; Avail: CASI; V03, Videotape-VHS; B03, Videotape-Beta

On Flight Day 13, the crew of Space Shuttle Discovery on the STS-114 Return to Flight mission (Commander Eileen
Collins, Pilot James Kelly, Mission Specialists Soichi Noguchi, Stephen Robinson, Andrew Thomas, Wendy Lawrence, and
Charles Camarda) hear a weather report from Mission Control on conditions at the shuttle’s possible landing sites. The video
includes a view of a storm at sea. Noguchi appears in front of a banner for the Japanese Space Agency JAXA, displaying a
baseball signed by Japanese MLB players, demonstrating origami, displaying other crafts, and playing the keyboard. The
primary event on the video is an interview of the whole crew, in which they discuss the importance of their mission, lessons
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learned, shuttle operations, shuttle safety and repair, extravehicular activities (EVAs), astronaut training, and shuttle landing.
Mission Control dedicates the song ‘A Piece of Sky’ to the Shuttle crew, while the Earth is visible below the orbiter. The video
ends with a view of the Earth limb lit against a dark background.

CASI

Discovery (Orbiter); Spacecrews; Crew Procedures (Inflight); Space Maintenance; Aerospace Safety; Safety Factors

20050201800 Return to Flight Task Group, Washington, DC, USA, Columbia Accident Investigation Board, Arlington, VA,
USA
Return to Flight Task Group
July 2005; 220 pp.; In English; No Copyright; Avail: CASI; A10, Hardcopy

It has been 29 months since Columbia was lost over East Texas in February 2003. Seven months after the accident, the
Columbia Accident Investigation Board (CAIB) released the first volume of its final report, citing a variety of technical,
managerial, and cultural issues within NASA and the Space Shuttle Program. To their credit, NASA offered few excuses,
embraced the report, and set about correcting the deficiencies noted by the accident board. Of the 29 recommendations issued
by the CAIB, 15 were deemed critical enough that the accident board believed they should be implemented prior to returning
the Space Shuttle to flight. Some of these recommendations were relatively easy, most were straightforward, a few bordered
on the impossible, and others were largely overcome by events, particularly the decision by the President to retire the Space
Shuttle by 2010. The Return to Flight Task Group (RTF TG, or simply, the Task Group) was chartered by the NASA
Administrator in July 2003 to provide an independent assessment of the implementation of the 15 CAIB return-to-flight
recommendations. An important observation must be stated up-front: neither the CAIB nor the RTF TG believes that all risk
can be eliminated from Space Shuttle operations; nor do we believe that the Space Shuttle is inherently unsafe. What the CAIB
and RTF TG do believe, however, is that NASA and the American public need to understand the risks associated with space
travel, and that NASA must make every reasonable effort to minimize such risk. Since the release of the CAIB report, NASA
and the Space Shuttle Program expended enormous effort and resources toward correcting the causes of the accident and
preparing to fly again. Relative to the 15 specific recommendations that the CAIB indicated should be implemented prior to
returning to flight, NASA has met or exceeded most of them the Task Group believes that NASA met the intent of the CAIB
for 12 of these recommendations. The remaining three recommendations were so challenging that NASA could not comply
completely with the intent of the CAIB.
Author (revised)
Congressional Reports; NASA Space Programs; Space Transportation System; Manned Space Flight; Aerospace Safety;
Safety Management; Safety Factors; Space Shuttles; Project Management; Accident Investigation; Columbia (Orbiter);
Discovery (Orbiter)

20050202012 Washington State Univ., Pullman, WA, USA
Packaging Materials for Thermally Processed Foods in Future Space Missions
Tang, Juming; NASA Summer Faculty Fellowship Program 2004, Volumes 1 and 2; August 2005, pp. 20-1 - 20-16; In
English; See also 20050202011
Contract(s)/Grant(s): NAG9-1526; NNJO4JF93A; No Copyright; Avail: CASI; A03, Hardcopy

Thermally processed shelf-stable foods are important in International Space Station (ISS) programs and essential to the
success of future long-duration manned space missions. NASA uses military MRE pouch material to package thermally
processed foods for ISS. But the packaging material for MRE pouches contains aluminum (A1) foil as moisture and oxygen
barrier. Al foils create potential problem for solid waste disposal in long duration missions, adds much weight, and are not
compatible with some of the emerging processing technologies. This is a need to explore the use of non-foil materials that can
provide designed shelf-life of 3-5 years for future space missions. This report presents a review on the current status of
package options for thermally processes shelf-stable foods and provides an assessment on the potential of using commercially
available 02 and moisture barrier films as a part of package materials for thermally processed foods in future long-duration
manned space missions. Based on several criteria, including potential problem in solid waste disposal, weight, mechanical and
barrier properties, as well as commercial readiness, laminated EVOH films and SiOx coated films hold most promise as the
future package materials for long-term manned space missions. But as of today, none of the commercial pouch films can
provide the required 02 barrier for 3-5 year shelf-life at ambient temperature. Research is needed to investigate the synergistic
effects of better engineered laminated structures, shorter processing times at elevated temperature, and controlled storage
conditions to meet the requirements of long-duration space missions, especially missions to Mars.
Author
Thermal Stability; Storage Stability; Long Duration Space Flight; Food; International Space Station; Packaging; Service Life
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20050202027 Riverside Community Coll., CA, USA
Artificial Neural Network Test Support Development for the Space Shuttle PRCS Thrusters
Lehr, Mark E.; NASA Summer Faculty Fellowship Program 2004, Volumes 1 and 2; August 2005, pp. 14-1 - 14-14; In
English; See also 20050202011; Original contains black and white illustrations
Contract(s)/Grant(s): NAG9-1526; NNJO4JF93A; No Copyright; Avail: CASI; A03, Hardcopy

A significant anomaly, Fuel Valve Pilot Seal Extrusion, is affecting the Shuttle Primary Reaction Control System (PRCS)
Thrusters, and has caused 79 to fail. To help address this problem, a Shuttle PRCS Thruster Process Evaluation Team (TPET)
was formed. The White Sands Test Facility (WSTF) and Boeing members of the TPET have identified many discrete valve
current trace characteristics that are predictive of the problem. However, these are difficult and time consuming to identify and
trend by manual analysis. Based on this exhaustive analysis over months, 22 thrusters previously delivered by the Depot were
identified as high risk for flight failures. Although these had only recently been installed, they had to be removed from Shuttles
OV103 and OV104 for reprocessing, by directive of the Shuttle Project Office. The resulting impact of the thruster removal,
replacement, and valve replacement was significant (months of work and hundreds of thousands of dollars). Much of this could
have been saved had the proposed Neural Network (NN) tool described in this paper been in place. In addition to the
significant benefits to the Shuttle indicated above, the development and implementation of this type of testing will be the
genesis for potential Quality improvements across many areas of WSTF test data analysis and will be shared with other NASA
centers. Future tests can be designed to incorporate engineering experience via Artificial Neural Nets (ANN) into depot level
acceptance of hardware. Additionally, results were shared with a NASA Engineering and Safety Center (NESC) Super
Problem Response Team (SPRT). There was extensive interest voiced among many different personnel from several centers.
There are potential spin-offs of this effort that can be directly applied to other data acquisition systems as well as vehicle health
management for current and future flight vehicles.
Author
Fuel Valves, Extruding; Anomalies;, Data Acquisition; Failure; Neural Nets

17
SPACE COMMUNICATIONS, SPACECRAFT COMMUNICATIONS, COMMAND AND TRACKING

Includes space systems telemetry; space communications networks; astronavigation and guidance; and spacecraft radio blackout. For
related information see also 04 Aircraft Communications and Navigation; and 32 Communications and Radar.

20050201890 NASA Glenn Research Center, Cleveland, OH, USA
Command and Control of Space Assets Through Internet-Based Technologies Demonstrated
Foltz, David A.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
The NASA Glenn Research Center successfully demonstrated a transmission-control-protocol/ Internet-protocol-
(TCP/IP) based approach to the command and control of onorbit assets over a secure network. This is a significant
accomplishment because future NASA missions will benefit by using Internet-standards-based protocols. Benefits of this
Internet-based space command and control system architecture include reduced mission costs and increased mission efficiency.
The demonstration proved that this communications architecture is viable for future NASA missions. This demonstration was
a significant feat involving multiple NASA organizations and industry. Phillip Paulsen, from Glenn’s Project Development and
Integration Office, served as the overall project lead, and David Foltz, from Glenn’s Satellite Networks and Architectures
Branch, provided the hybrid networking support for the required Internet connections. The goal was to build a network that
would emulate a connection between a space experiment on the International Space Station and a researcher accessing the
experiment from anywhere on the Internet, as shown. The experiment was interfaced to a wireless 802.11 network inside the
demonstration area. The wireless link provided connectivity to the Tracking and Data Relay Satellite System (TDRSS) Internet
Link Terminal (TILT) satellite uplink terminal located 300 ft away in a parking lot on top of a panel van. TILT provided a
crucial link in this demonstration. Leslie Ambrose, NASA Goddard Space Flight Center, provided the TILT/TDRSS support.
The TILT unit transmitted the signal to TDRS 6 and was received at the White Sands Second TDRSS Ground Station. This
station provided the gateway to the Internet. Coordination also took place at the White Sands station to install a Veridian
Firewall and automated security incident measurement (ASIM) system to the Second TDRSS Ground Station Internet
gateway. The firewall provides a trusted network for the simulated space experiment. A second Internet connection at the
demonstration area was implemented to provide Internet connectivity to a group of workstations to serve as platforms for
controlling the simulated space experiment. Installation of this Internet connection was coordinated with an Internet service
provider (ISP) and local NASA Johnson Space Center personnel. Not only did this TCP/IP-based architecture prove that a
principal investigator on the Internet can securely command and control on-orbit assets, it also demonstrated that valuable
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virtual testing of planned on-orbit activities can be conducted over the Internet prior to actual deployment in space.
Author
Command and Control; Internets; Technologies; Satellite Networks; Protocol (Computers)

20050203637 NASA Glenn Research Center, Cleveland, OH, USA
Open Architecture SDR for Space
Smith, Carl; Long, Chris; Liebetreu, John; Reinhart, Richard C.; [2005]; 2 pp.; In English; 1st Space Exploration Conference:
Continuing the Voyage of Discovery, 30 Jan. - 1 Feb. 2005, Orlando, FL, USA
Contract(s)/Grant(s): NNC04CB10C; Copyright; Avail: CASI; AO1, Hardcopy

This paper describes an open-architecture SDR (software defined radio) infrastructure that is suitable for space-based
operations (Space-SDR). SDR technologies will endow space and planetary exploration systems with dramatically increased
capability, reduced power consumption, and significantly less mass than conventional systems, at costs reduced by vigorous
competition, hardware commonality, dense integration, reduced obsolescence, interoperability, and software re-use.
Significant progress has been recorded on developments like the Joint Tactical Radio System (JSTRS) Software
Communication Architecture (SCA), which is oriented toward reconfigurable radios for defense forces operating in multiple
theaters of engagement. The JTRS-SCA presents a consistent software interface for waveform development, and facilitates
interoperability, waveform portability, software re-use, and technology evolution.
Author
Radio Communication; Space Communication

20050203960 NASA Glenn Research Center, Cleveland, OH, USA
Waveguide Power Combiner Demonstration for Multiple High Power Millimeter Wave TWTAs
Wintucky, Edwin G.; Simons, Rainee N.; Lesny, Gary G.; Glass, Jeffrey L.; [2004]; 2 pp.; In English; Fifth IEEE International
Vacuum Electronics Conference, 27-29 Apr. 2004, Monterey, CA, USA
Contract(s)/Grant(s): WBS 22-982-10-05
Report No.(s): Paper PL1.2; No Copyright; Avail: CASI; AO1, Hardcopy

NASA is presently developing nuclear reactor technologies, under Project Prometheus, which will provide spacecraft with
greatly increased levels of sustained onboard power and thereby dramatically enhance the capability for future deep space
exploration. The first mission planned for use of this high power technology is the Jupiter Icy Moons Orbiter (JIMO). In
addition to electric propulsion and science, there will also be unprecedented onboard power available for deep space
communications. A 32 GHz transmitter with 1 kW of RF output power is being considered to enable the required very high
data transmission rates. One approach to achieving the 1 kW RF power, now being investigated at NASA GRC, is the possible
power combining of a number of 100-1 50 W TWTs now under development. The work presented here is the results of a
proof-of-concept demonstration of the power combining Ka-band waveguide circuit design and test procedure using two Ka-
band TWTAs (Varian model VZA6902V3 and Logimetrics model A440/KA-1066), both of which were previously employed
in data uplink evaluation terminals at 29.36 GHz for the NASA Advanced Communications Technology Satellite (ACTS)
program. The characterization of the individual TWTAs and power combining demonstration were done over a 500 MHz
bandwidth from 29.1 to 29.6 GHz to simulate the Deep Space Network (DSN) bandwidth of 3 1.8 to 32.3 GHz. Figures 1-3
show some of the power transfer and gain measurements of the TWTAs using a swept signal generator (Agilent 83640b) for
the RF input. The input and output powers were corrected for circuit insertion losses due to the waveguide components. The
RF saturated powers of both ACTS TWTAs were on the order of 120 W, which is comparable to the expected output powers
of the 32 GHz TWTs. Additional results for the individual TWTAs will be presented (AM/AM, AM/PM conversion and gain
compression), some of which were obtained from swept frequency and power measurements using a vector network analyzer.
The results for the power combining demonstration as well as a more detailed description of the power combining test circuit
and test procedure will also be presented.
Author
Millimeter Waves; Nuclear Reactors; Deep Space Network; Electric Propulsion; Power Gain

40


http://www.sti.nasa.gov/cprice.pdf
http://www.sti.nasa.gov/cprice.pdf

18
SPACECRAFT DESIGN, TESTING AND PERFORMANCE
Includes satellites; space platforms; space stations; spacecraft systems and components such as thermal and environmental controls;
and spacecraft control and stability characteristics. For life support systems see 54 Man/System Technology and Life Support. For

related information see also 05 Aircraft Design, Testing and Performance; 39 Structural Mechanics; and 16 Space Transportation and
Safety.

20050199467 NASA Glenn Research Center, Cleveland, OH, USA
CM-2 Environmental/Modal Testing of SPACEHAB Racks
McNelis, Mark E.; Goodnight, Thomas W.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright;
Avail: CASI; AO1, Hardcopy

Combined environmental/modal vibration testing has been implemented at the NASA Glenn Research Center’s Structural
Dynamics Laboratory. The benefits of combined vibration testing are that it facilitates test article modal characterization and
vibration qualification testing. The Combustion Module-2 (CM-2) is a space experiment that will launch on shuttle mission
STS-107 in the SPACEHAB Research Double Module. The CM-2 flight hardware is integrated into a SPACEHAB single and
double rack. CM-2 rack-level combined vibration testing was recently completed on a shaker table to characterize the
structure’s modal response and verify the random vibration response. Control accelerometers and limit force gauges, located
between the fixture and rack interface, were used to verify the input excitation. Results of the testing were used to verify the
loads and environments for flight on the shuttles.
Derived from text
Combustion; Vibration, Test Equipment; Environmental Control; Spacecraft Modules

20050201679 NASA Kennedy Space Center, Cocoa Beach, FL, USA
Designing for the Edge of Space and Beyond
Jenkins, Dennis R.; Aerospace Design: Aircraft, Spacecraft, and the Art of Modern Flight; August 2003, pp. 131-153; In
English; See also 20050201673; Copyright; Avail: Other Sources

Despite the fanciful predictions of Eugen Sanger, Wernher von Braun, and a wealth of science fiction novelists, it was not
until the mid-1950s that the first piloted spacecraft design was undertaken in earnest. It was the height of the Cold War, and
the paranoia that swept the country and the military had resulted in the largest arms race the world had ever seen. In aviation
the desire was to go higher, faster, and farther than ever before. In response to a need for basic research into the ever-increasing
speeds and altitudes, the National Advisory Committee on Aeronautics (NACA) began preliminary research into a piloted
vehicle that could exceed five times the speed of sound. The research was felt necessary to support both unmanned missile
programs and the eventual development of hypersonic combat aircraft. Interestingly, the group of researchers that took the lead
in developing the concept (led by John V. Becker) at the NACA s Langley Laboratory added a new wrinkle-they wanted to
be able to leave the sensible atmosphere for a few minutes in order to gain a preliminary understanding of space flight2 At
the time it was generally felt that piloted space flight would not take place until the turn of the century, although contemporary
science fiction-a genre that enjoyed a resurgence of popularity in the mid-1 950s-usually showed it coming much earlier. In
fact, many serious researchers believed that the group at Langley should remove the ‘space leap’ from their concept for a
hypersonic research air~lane.~ However, the basic designs for a very high speed airplane and for one capable of short
excursions outside the atmosphere were not radically different, so the capability remained.
Derived from text
Acoustic Velocity;, High Speed; Hypersonic Aircraft; Spacecraft Design

20050203719 Johns Hopkins Univ., Laurel, MD, USA
The MESSENGER Visible Imager Thermal Design: Preparing for Operation in Orbit Around Mercury
Williams, Bruce; 23rd Space Simulation Conference Proceedings; [2005]; 30 pp.; In English; See also 20050203713; Original
contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on CD-ROM only as part of
the entire parent document

The MESSENGER spacecraft will be launch on May 11, 2004 from Cape Kennedy with a final destination of the planet
Mercury. The MESSENGER spacecraft will be the first spacecraft to enter orbit around Mercury and the second spacecraft
ever to view the planet up close. The MESSENGER spacecraft will be placed in a highly elliptical orbit around Mercury, with
an 80-degree inclination. The resulting 12-hour orbit will expose the spacecraft and the attached instruments to the very hot
planet. At the planets equator, surface temperatures can exceed 400 degree Celsius (C), while the backside of the planet can
be below -150 C. The Mercury Dual Imaging System (MDIS) instrument is the main visible imager on the MESSENGER
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spacecraft. The MDIS instrument consists of a wide-angle camera and a narrow-angle camera. The two cameras are mounted
on a single-axis gimbaled platform allowing the cameras to view a majority of the planet surface. The MDIS instrument is
mounted on the Nadir pointing-side of the spacecraft, inside of the Payload Adapter Fitting. Due to the severe thermal
environment found in orbit around Mercury, an entirely new thermal design was created for the MDIS instrument. By
combining stainless steel diode heat pipes and a specific phase change material, the MDIS CCD s can be maintain below -10
C at all times throughout the mission. This paper will discuss the thermal design created for the MDIS instrument and the
series of tests that were performed to qualify the instrument thermal design when the instrument radiators temperatures can
exceed 200 C.

Author

Messenger (Spacecraft); Spacecraft Instruments; CCD Cameras; Cooling; Thermal Vacuum Tests

20050203721 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA
Environmental Test Program for the Mars Exploration Rover Project
Fisher, Terry C.; VanVelzer, Paul L.; 23rd Space Simulation Conference Proceedings; [2005]; 44 pp.; In English; See also
20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

On June 10 and July 7, 2003 the National Aeronautics and Space Administration (NASA) launched two spacecraft from
Cape Canaveral, Florida for a six (6) months flight to the Red Planet, Mars. The two Mars Exploration Rover spacecraft landed
safely on the planet in January 2004. Prior to the successful launch, both of the spacecraft were involved in a comprehensive
test campaign that included development, qualification, and protoflight test programs. Testing was performed to simulate the
environments associated with launch, inter-planetary cruise, landing on the planet and Mars surface operations. Unique test
requirements included operating the spacecraft while the chamber pressure was controlled to simulate the decent to the planet
from deep space, high impact landing loads and rover operations on the surface of the planet at 8§ Torr and -130 C. This paper
will present an overview of the test program that included vibration, pyro-shock, landing loads, acoustic noise, thermal
vacuum and solar simulation testing at the Jet Propulsion Laboratory (JPL) Environmental Test Laboratory facilities in
Pasadena, California.
Author
Mars Roving Vehicles; Environmental Tests; Space Environment Simulation;, Mars Environment

20050203723 Spectral Dynamics Corp. of San Diego, CA, USA
Satellite Testing Keys: Accurate Sine Testing with Tracking Filters and Notching
Marraccini, Gary; 23rd Space Simulation Conference Proceedings; [2005]; 39 pp.; In English; See also 20050203713;
Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on CD-ROM only as
part of the entire parent document

This paper was written to determine what key parameters are used in swept sine testing with a focus on the testing of
satellites. The cooperation and communication between the design and test community using a Digital Vibration Control
System (DVCS) similar to those manufactured by Spectral Dynamics was important to this process. A survey was completed
of associates and the design and test community to understand reasons for using Swept Sine Testing in general with a focus
to its use in the development of Satellites. The results of the survey indicated that the design community understood the swept
sine test and its basic parameters of test control level, sweep rate and sweep frequency range, as well as use of limit channels
and notching for protection of the test article. It was found that this was not generally true of other standard parameters in the
swept sine test. Parameters such as processing type, compression rate, loop check and display point per sweep are generally
left to the test group to select. Processing types (Broadband RMS - BBRMS, Broadband Peak - BBPK, and Tracking Filter
- TF) can affect dramatically the outcome of the swept sine tests. BBPK processing produces the most conservative test, with
BBRMS next, and TF the most stressful test. Different types of TFs are discussed, with results that vary from different
manufacturers of DVCS controllers. Tracking filters with identical stated bandwidths will vary, sometimes significantly,
producing more conservative tests (undertests) than their counterparts. Detailed descriptions of the Swept Sine parameters are
presented in the paper, but this is not a substitute for training and understanding all of the sine test parameters used in a sine
test on your DVCS. It is recommended that both the Design and Test team fully understand all the test parameters when
employing a DVCS for Swept Sine Testing before testing what is usually a very expensive test article.
Derived from text
Artificial Satellites; Sine Waves; Vibration Damping; Vibration Tests; Tracking Filters;, Sweep Frequency
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20050203725 Lockheed Martin Space Systems Co., Denver, CO, USA
Mass Properties Testing of the Mars Exploration Rover Missions
Greene, Jason; 23rd Space Simulation Conference Proceedings; [2005]; 24 pp.; In English; See also 20050203713; Original
contains color illustrations
Contract(s)/Grant(s): LM-1222626; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on CD-ROM only as
part of the entire parent document

Lockheed Martin Space Systems Company (LMSSC), Denver under contract to the Jet Propulsion Laboratory (JPL)
performed the mass properties testing on the Mars Exploration Rover (MER) missions. This testing was conducted on site at
JPL in California and at Kennedy Space Center (KSC) in Florida. Testing was performed at JPL to verify model accuracy, as
well as determine any issues that may have affected the mass property measurements at the launch site. The tests at KSC were
performed on the Entry Vehicles and on the fully fueled spacecraft configurations of both the Spirit and Opportunity missions.
The completion of these tests contributed to the successful launch and subsequent landing of both spacecraft on the surface
of Mars in January 2004.
Author
Mars Roving Vehicles; Mass; Weight Measurement

20050203732 ManTech, Inc., Greenbelt, MD, USA
Cryo Testing of The James Webb Space Telescope’s Integrated Science Instrument Module
Campen, Julie Van; 23rd Space Simulation Conference Proceedings; [2005]; 18 pp.; In English; See also 20050203713;
Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on CD-ROM only as
part of the entire parent document

The Integrated Science Instrument Module (ISIM) of the James Webb Space Telescope will be integrated and tested at
the Environmental Test Facilities at Goddard Space Flight Center (GSFC). The cryogenic thermal vacuum testing of the ISIM
will be the most difficult and problematic portion of the GSFC Integration and Test flow. The test is to validate the coupled
interface of the science instruments and the ISIM structure and to sufficiently stress that interface while validating image
quality of the science instruments. The instruments and the structure are not made from the same materials and have different
CTE. Test objectives and verification rationale are currently being evaluated in Phase B of the project plan. The test program
will encounter engineering challenges and limitations, which are derived by cost and technology many of which can be
mitigated by facility upgrades, creative GSE, and thorough forethought. The cryogenic testing of the ISIM will involve a
number of risks such as the implementation of unique metrology techniques, mechanical, electrical and optical simulators
housed within the cryogenic vacuum environment. These potential risks are investigated and possible solutions are proposed.
Author
James Webb Space Telescope; Instrument Packages; Low Temperature Tests; Cryogenic Temperature; Spacecraft Instruments

20050203740 Johns Hopkins Univ., Laurel, MD, USA
Thermal Vacuum Testing of the MESSENGER Spacecraft
Ercol, Carl J.; 23rd Space Simulation Conference Proceedings; [2005]; 43 pp.; In English; See also 20050203713; Original
contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on CD-ROM only as part of
the entire parent document

Mercury remains the last unexplored of the terrestrial planets. As part of NASA’s Discovery program, the MErcury
Surface, Space Environment, Geochemistry, and Ranging (MESSENGER) mission was conceived to provide a focused
scientific investigation of this sweltering world. The spacecraft will perform two Mercury flybys beginning in the year 2007.
For the second phase of the MESSESNGER mission, the spacecraft will enter Mercury orbit in 2009 and collect data for one
Earth year. Despite the harsh Mercury environment and close proximity to the Sun, the MESSENGER Spacecraft uses only
a passive cooling system and lacks any high-temperature electronics. Consequently, the performance and durability of its
Nextel ceramic fiber sunshade, which protects the spacecraft bus structure and its eight instruments, is essential for mission
success. In order to conduct a comprehensive thermal evaluation of the spacecraft and its necessary system-level performance
tests, a wide range of predicted flight and on-orbit conditions were produced in the GSFC’s SES thermal vacuum chamber in
February 2004. The sunshade temperature reached as high as 350 C during the thermal balance and thermal cycle phases of
the test, while the chamber walls were cooled to -100 C. This paper provides a summary of the MESSENGER spacecraft
thermal vacuum test.
Author
Thermal Vacuum Tests; Messenger (Spacecraft); Shades; Solar Simulation; Thermal Simulation; Space Environment
Simulation
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20050203748 NASA Glenn Research Center, Cleveland, OH, USA
Rudder/Fin Seals Investigated for the X-38 Re-Entry Vehicle
Dunlap, Patrick H., Jr.; Steinetz, Bruce M.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright;
Avail: CASI; AO1, Hardcopy

NASA is developing the X-38 vehicle that will demonstrate the technologies required for a potential crew return vehicle
for the International Space Station. This vehicle would serve both as an ambulance for medical emergencies and as an
evacuation vehicle for the space station. Control surfaces on the X-38 (body flaps and rudder/fin assemblies) require high
temperature seals to limit hot gas ingestion and the transfer of heat to underlying low temperature structures. Working with
the NASA Johnson Space Center, the Seals Team at the NASA Glenn Research Center completed a series of tests to further
characterize baseline seal designs for the rudder/fin interfaces of the X-38. The structures of the rudder/fin assembly and its
associated seals are shown in the the preceding illustration. Tests performed at Glenn indicated that exposure of the seals in
a compressed state at simulated seal re-entry temperatures resulted in a large permanent set and loss of seal resiliency. This
could be of concern because the seals are required to maintain contact with the sealing surfaces while the vehicle goes through
the maximum re-entry heating cycle to prevent hot gases from leaking past the seals and damaging interior low-temperature
structures. To simulate conditions in which the seals may become unloaded during use, such as when they take on a large
permanent set, Glenn researchers performed room temperature flow and compression tests to determine seal flow rates,
resiliency, and unit loads under minimal loads. Flow rates through an unloaded (i.e., O-percent compression) double seal
arrangement were twice those of a double seal compressed to the 20-percent design compression level. These flow rates are
being used in thermal analyses to predict the effect of flow through the seals on over-all seal temperatures. Compression test
results showed that seal unit loads and contact pressures were below the limits that Johnson had set as goals for the seals. In
the rudder/fin seal location, the seals are in contact with shuttle thermal tiles and are moved across the tiles as the rudder is
rotated during re-entry. Low seal unit loads and contact pressures are required to limit the loads on these tiles and minimize
any damage that the seals could cause. A series of tests were performed on these seals in NASA Ames Research Center’s arc
jet facility. The arc jet facility approximates relevant thermal environments that a seal or other structure would be subjected
to during extreme heating conditions such as those experienced during space vehicle re-entry. Eleven tests were completed,
including one test in which no seal was installed in the gap to examine the flow of heat down into the gap. The seal was
compressed between stationary insulation tiles and a movable elevon that was rotated during the test to deflect the arc jet
exhaust into the seal gap. Peak seal temperatures as high as 2000 F were reached during the 5-min tests. Results of these tests
indicate satisfactory performance of the seal for single-use (e.g., X-38) applications. The results of these tests were shared with
the NASA Johnson Space Center and are being used to validate aerothermostructural analysis codes that predict seal
temperatures under these conditions. The tests performed at Glenn have provided valuable information to Johnson about the
performance of the seals that they are considering using in the rudder/fin location of the X-38 vehicle. Glenn and Johnson are
currently defining what additional work needs to be done to develop the final rudder/fin seal design for the X-38 vehicle.
Author
Fins; Reentry Vehicles; Rudders; Sealing; X-38 Crew Return Vehicle; Aerothermodynamics, Test Facilities

20050203861 NASA Glenn Research Center, Cleveland, OH, USA
Electronics and Sensor Cooling with a Stirling Cycle for Venus Surface Mission
Mellott, Ken; February 13, 2004; 1 pp.; In English; IECEC Conference, 16-19 Aug. 2004, Providence, RI, USA; No
Copyright; Avail: Other Sources; Abstract Only

The inhospitable ambient surface conditions of Venus, with a 450 C temperature and 92 bar pressure, may likely require
any extended-duration surface exploratory mission to incorporate some type of cooling for probe electronics and sensor
devices. A multiple-region Venus mission study was completed at NASA GRC in December of 2003 that resulted in the
preliminary design of a kinematically-driven, helium charged, Stirling cooling cycle with an estimated over-all COP of 0.376
to lift 100 watts of heat from a 200 C cold sink temperature and reject it at a hot sink temperature of 500 C. This paper briefly
describes the design process and also describes and summarizes key features of the kinematic, Stirling cooler preliminary
design concept.
Author
Venus Surface; Venus Probes; Spacecraft Electronic Equipment; Cooling Systems; Stirling Cycle
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20050203966 NASA Langley Research Center, Hampton, VA, USA
Evaluation of Microbolometer-Based Thermography for Gossamer Space Structures
Miles, Jonathan J.; Blandino, Joseph R.; Jenkins, Christopher H.; Pappa, Richard S.; Banik, Jeremy; Brown, Hunter; McEvoy,
Kiley; [2005]; 13 pp.; In English; SPIE Optics and Photonics 2005, 31 Jul. - 4 Aug. 2005, San Diego, CA, USA
Contract(s)/Grant(s): 23-800-92-65
Report No.(s): SPIE Paper 5880-10; Copyright; Avail: CASI; A03, Hardcopy

In August 2003, NASA’s In-Space Propulsion Program contracted with our team to develop a prototype on-board Optical
Diagnostics System (ODS) for solar sail flight tests. The ODS is intended to monitor sail deployment as well as structural and
thermal behavior, and to validate computational models for use in designing future solar sail missions. This paper focuses on
the thermography aspects of the ODS. A thermal model was developed to predict local sail temperature variations as a function
of sail tilt to the sun, billow depth, and spectral optical properties of front and back sail surfaces. Temperature variations as
small as 0.5 C can induce significant thermal strains that compare in magnitude to mechanical strains. These thermally induced
strains may result in changes in shape and dynamics. The model also gave insight into the range and sensitivity required for
in-flight thermal measurements and supported the development of an ABAQUS-coupled thermo-structural model. The paper
also discusses three kinds of tests conducted to 1) determine the optical properties of candidate materials; 2) evaluate uncooled
microbolometer-type infrared imagers; and 3) operate a prototype imager with the ODS baseline configuration. (Uncooled
bolometers are less sensitive than cooled ones, but may be necessary because of restrictive ODS mass and power limits.) The
team measured the spectral properties of several coated polymer samples at various angles of incidence. Two commercially
available uncooled microbolometer imagers were compared, and it was found that reliable temperature measurements are
feasible for both coated and uncoated sides of typical sail membrane materials.
Author
Spacecraft Structures;, Bolometers;, Microinstrumentation; Solar Sails; Mathematical Models

20050203978 NASA Marshall Space Flight Center, Huntsville, AL, USA
NASA GRC and MSFC Space-Plasma Arc Testing Procedures
Ferguson, Dale C.a; Vayner, Boris V.; Galofaro, Joel T.; Hillard, G. Barry; Vaughn, Jason; Schneider, Todd; [2005]; 1 pp.; In
English; 9th Spacecraft Charging Technology Conference, 4-8 Apr. 2005, Tsukuba, Japan; No Copyright; Avail: Other
Sources; Abstract Only

Tests of arcing and current collection in simulated space plasma conditions have been performed at the NASA Glenn
Research Center (GRC) in Cleveland, Ohio, for over 30 years and at the Marshall Space flight Center (MSFC) for almost as
long. During this period, proper test conditions for accurate and meaningful space simulation have been worked out,
comparisons with actual space performance in spaceflight tests and with real operational satellites have been made, and NASA
has achieved our own internal standards for test protocols. It is the purpose of this paper to communicate the test conditions,
test procedures, and types of analysis used at NASA GRC and MSFC to the space environmental testing community at large,
to help with international space-plasma arcing testing standardization. To be discussed are: 1. Neutral pressures, neutral gases,
and vacuum chamber sizes. 2. Electron and ion densities, plasma uniformity, sample sizes, and Debye lengths. 3. Biasing
samples versus self-generated voltages. Floating samples versus grounded. 4. Power supplies and current limits. Isolation of
samples from power supplies during arcs. Arc circuits. Capacitance during biased arc-threshold tests. Capacitance during
sustained arcing and damage tests. Arc detection. Preventing sustained discharges during testing. 5. Real array or structure
samples versus idealized samples. 6. Validity of LEO tests for GEO samples. 7. Extracting arc threshold information from arc
rate versus voltage tests. 8 . Snapover and current collection at positive sample bias. Glows at positive bias. Kapton
pyrolization. 9. Trigger arc thresholds. Sustained arc thresholds. Paschen discharge during sustained arcing. 10. Testing for
Paschen discharge thresholds. Testing for dielectric breakdown thresholds. Testing for tether arcing. 11. Testing in very dense
plasmas (ie thruster plumes). 12. Arc mitigation strategies. Charging mitigation strategies. Models. 13. Analysis of test results.
Finally, the necessity of testing will be emphasized, not to the exclusion of modeling, but as part of a complete strategy for
determining when and if arcs will occur, and preventing them from occurring in space.
Author
Space Plasmas; Performance Tests; Dielectrics; Electron Plasma; Dense Plasmas; Standardization

20050203989 NASA Glenn Research Center, Cleveland, OH, USA

Venus Surface Power and Cooling System Design

Landis, Geoffrey A.; Mellott, Kenneth D.; [2004]; 1 pp.; In English; 55th International Astronautical Congress, 4-8 Oct. 2004,
Vancouver, Canada

Contract(s)/Grant(s): WBS 22-319-20-B1; No Copyright; Avail: Other Sources; Abstract Only
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A radioisotope power and cooling system is designed to provide electrical power for the a probe operating on the surface
of Venus. Most foreseeable electronics devices and sensors simply cannot operate at the 450 C ambient surface temperature
of Venus. Because the mission duration is substantially long and the use of thermal mass to maintain an operable temperature
range is likely impractical, some type of active refrigeration may be required to keep certain components at a temperature
below ambient. The fundamental cooling requirements are comprised of the cold sink temperature, the hot sink temperature,
and the amount of heat to be removed. In this instance, it is anticipated that electronics would have a nominal operating
temperature of 300 C. Due to the highly thermal convective nature of the high-density atmosphere, the hot sink temperature
was assumed to be 50 C, which provided a 500 C temperature of the cooler’s heat rejecter to the ambient atmosphere. The
majority of the heat load on the cooler is from the high temperature ambient surface environment on Venus. Assuming 5 cm
radial thickness of ceramic blanket insulation, the ambient heat load was estimated at approximately 77 watts. With an
estimated quantity of 10 watts of heat generation from electronics and sensors, and to accommodate some level of uncertainty,
the total heat load requirement was rounded up to an even 100 watts. For the radioisotope Stirling power converter
configuration designed, the Sage model predicts a thermodynamic power output capacity of 478.1 watts, which slightly
exceeds the required 469.1 watts. The hot sink temperature is 1200 C, and the cold sink temperature is 500 C. The required
heat input is 1740 watts. This gives a thermodynamic efficiency of 27.48 %. The maximum theoretically obtainable efficiency
is 47.52 %. It is estimated that the mechanical efficiency of the power converter design is on the order of 85 %, based on
experimental measurements taken from 500 watt power class, laboratory-tested Stirling engines at GRC. The overall efficiency
is calculated to be 23.36 %. The mass of the power converter is estimated at approximately 21.6 kg.

Author
Cooling Systems; Venus Surface; Operating Temperature; Systems Engineering; Stirling Cycle; Surface Cooling;
Thermodynamic Efficiency

20050203993 Cranfield Univ., Bedford, UK
MUSTANG 0: A Low-cost Technology Demonstration Nanosatellite. Summary of the Group Design Project MSc in
Astronautics and Space Engineering 2004/05, Cranfield University
Hobbs, Stephen; July 2005; 84 pp.; In English
Report No.(s): COA-0502; Copyright; Avail: Other Sources

Students of the MSc course in Astronautics and Space Engineering 2004/05 at Cranfield University took Mustang 0 as
their group project. This report summarizes their findings. Mustang is a partnership of several groups interested in technology
for small spacecraft: Mustang 0 is intended to be a simple spacecraft suitable for technology demonstration (especially highly
miniaturized systems based on MEMS or microsystem technology (MST)). A parallel student project took place in the School
of Industrial and Manufacturing Science at Cranfield University to investigate MST available from non-space sectors and the
qualification process for space hardware. Design studies have been performed for all the spacecraft sub-systems and build on
previous work by Mustang partners. The spacecraft designed has a mass of just less than 10 kg, a lifetime of 1 year, is 3-axis
controlled, and could be launched to either GTO or LEO. New areas studied this year include software design and operations,
and some hardware (the main structure) has been manufactured. The project conclusion is that a low-cost (\h 100k pounds for
a flight-ready spacecraft) technology demonstration mission is possible. The Mustang O study identifies no fundamental
problems, although a significant amount of work remains. Many sub-systems now require prototyping to validate and develop
the proposed designs.
Author (revised)
Satellite Design; Nanosatellites; Students;, Uk Space Program; University Program; Small Satellite Technology

20050203994 Arizona State Univ., Tempe, AZ, USA
Propellantless AOCS Design for a 160-m, 450-kg Sailcraft of the Solar Polar Imager Mission
Wie, Bong; Thomas, Stephanie; Paluszek, Michael; Murphy, David; May 2005; 25 pp.; In English; 4lst AIAA Joint
Propulsion Conference, 10-19 Jul. 2005, Tucson, AZ, USA
Contract(s)/Grant(s): NNM04AB09C
Report No.(s): AIAA Paper 2005-9928; Copyright; Avail: CASI; A03, Hardcopy

An attitude and orbit control system (AOCS) is developed for a 160-m, 450-kg solar sail spacecraft of the Solar Polar
Imager (SPI) mission. The SPI mission is one of several Sun- Earth Connections solar sail roadmap missions currently
envisioned by NASA. A reference SPI sailcraft consists of a 160-m, 150-kg square solar sail, a 250-kg spacecraft bus, and
50-kg science payloads, The 160-m reference sailcraft has a nominal solar thrust force of 160 mN (at 1 AU), an uncertain
center-of-mass/center-of-pressure offset of +/- 0.4 m, and a characteristic acceleration of 0.35 mm/sq s. The solar sail is to be
deployed after being placed into an earth escaping orbit by a conventional launch vehicle such as a Delta 11. The SPI sailcraft
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first spirals inwards from 1 AU to a heliocentric circular orbit at 0.48 AU, followed by a cranking orbit phase to achieve a
science mission orbit at a 75-deg inclination, over a total sailing time of 6.6 yr. The solar sail will be jettisoned after achieving
the science mission orbit. This paper focuses on the solar sailing phase of the SPI mission, with emphasis on the design of
a reference AOCS consisting of a propellantless primary ACS and a microthruster-based secondary (optional) ACS. The
primary ACS employs trim control masses running along mast lanyards for pitch/yaw control together with roll stabilizer bars
at the mast tips for quadrant tilt (roll) control. The robustness and effectiveness of such a propellantless primary ACS would
be enhanced by the secondary ACS which employs tip-mounted, lightweight pulsed plasma thrusters (PPTs). The
microPPT-based ACS is mainly intended for attitude recovery maneuvers from off-nominal conditions. A relatively fast,
70-deg pitch reorientation within 3 hrs every half orbit during the orbit cranking phase is shown to be feasible, with the
primary ACS, for possible solar observations even during the 5-yr cranking orbit phase.

Author

Attitude Control; Orbital Maneuvers; Launch Vehicles; Solar Sails; Spacecraft Propulsion
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20050199446 NASA Glenn Research Center, Cleveland, OH, USA
TIGER Burned Brightly in JAMIC
Olson, Sandra L.; Kashiwagi, Takashi; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail:
CASI; A0O1, Hardcopy

The Transition From Ignition to Flame Growth Under External Radiation in 3D (TIGER- 3D) experiment, which is slated
to fly aboard the International Space Station, conducted a series of highly successful tests in collaboration with the University
of Hokkaido using Japan’s 10-sec JAMIC drop tower. The tests were conducted to test engineering versions of advanced flight
diagnostics such as an infrared camera for detailed surface temperature measurements and an infrared spectroscopic array for
gas-phase species concentrations and temperatures based on detailed spectral emissions in the near infrared. Shown in the top
figure is a visible light image and in the bottom figure is an infrared image at 3.8 mm obtained during the microgravity tests.
The images show flames burning across cellulose samples against a slow wind of a few centimeters per second (wind is from
right to left). These flow velocities are typical of spacecraft ventilation systems that provide fresh air for the astronauts. The
samples are ignited across the center with a hot wire, and the flame is allowed to spread upwind and/or downwind. As these
images show, the flames prefer to spread upwind, into the fresh air, which is the exact opposite of flames on Earth, which
spread much faster downwind, or with the airflow, as in forest fires.
Derived from text
Flame Propagation; Ignition, Infrared Imagery; Temperature Measurement; Vapor Phases

20050199476 Teledyne Brown Engineering, Huntsville, AL, USA, NASA Marshall Space Flight Center, Huntsville, AL,
USA
Photon Sail History, Engineering, and Mission Analysis
Matloff, Gregory L.; Taylor, Travis; Powell, Conley; September 2004; 61 pp.; In English
Contract(s)/Grant(s): NASA Order H-35191-D; No Copyright; Avail: CASI; A04, Hardcopy

This Appendix summarizes the results of a Teledyne Brown Engineering, Inc. report to the In-Space propulsion research
group of the NASA Marshall Space Flight Center (MSFC) that was authored by Taylor et al. in 2003. The subject of this report
is the technological maturity, readiness, and capability of the photon solar sail to support space-exploration missions.
Technological maturity for solar photon sail concepts is extremely high high for rectangular (or square) solar sail
configurations due to the historical development of the rectangular design by the NASA Jet Propulsion Laboratory (JPL).
L’Garde Inc., ILC Dover Inc., DLR, and many other corporations and agencies. However, future missions and mission
analysis may prove that the rectangular sail design is not the best architecture for achieving mission goals. Due to the historical
focus on rectangular solar sail spacecraft designs, the maturity of other architectures such as hoop-supported disks, multiple
small disk arrays, parachute sails, heliogyro sails, perforated sails, multiple vane sails (such as the Planetary Society’s Cosmos
1), inflated pillow sails, etc., have not reached a high level of technological readiness. (Some sail architectures are shown in
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Fig. A.1.) The possibilities of different sail architectures and some possible mission concepts are discussed in this Appendix.
Author
Solar Sails; Photons; Space Exploration; Mission Planning; Propulsion

20050201614 Office of Naval Research, Arlington, VA USA
Technical Evaluation Report Meeting on Advanced Rocket Performance Life and Disposal
Derr, Ronald L.; Nov. 2002; 10 pp.; In English
Contract(s)/Grant(s): Proj-DARP
Report No.(s): AD-A435326; AFRL-PR-ED-TP-2002-264; No Copyright; Avail: CASI; A02, Hardcopy

The Specialists” Meeting on Advanced Rocket Performance Life and Disposal was held 23-26 September 2002. This was
the second meeting on rocket motors organized by the Applied Vehicle Technology (AVT) Panel since it was created in 1996.
The aim of the meeting was achieved in that a snapshot of the state-of-the-art in areas covered by the meeting was
accomplished. This evaluation report catalogs results along topic areas defined in an earlier AVT meeting and provides
recommendations for future meetings and RTA activities in the area of Rockets and Energetics. The aim of the meeting was
to provide a forum in which the latest advances in rocket motor technology could be presented. New propellants were
emphasized along with critical operational oriented disciplines such as service life assessment, end of life disposal and
environmental impact assessment.
DTIC
Rocket Engines; Service Life; Damage Assessment

20050201631 NASA Glenn Research Center, Cleveland, OH, USA
Modular 5-kW Power-Processing Unit Being Developed for the Next-Generation Ion Engine
Pinero, Luis R.; Bond, Thomas H.; Okada, Don; Phelps, Keith; Pyter, Janusz; Wiseman, Steve; Research and Technology
2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy

The NASA Glenn Research Center is developing a 5- to 10-kW ion engine for a broad range of mission applications.
Simultaneously, a 5-kW breadboard power-processing unit (PPU) is being designed and fabricated by Boeing Electron
Dynamic Devices, Torrance, California, under contract with Glenn. The beam supply, which processes up to 90 percent of the
power into this unit, consists of four 1.1-kW power modules connected in parallel, equally sharing the output current. The
modular design allows scalability to higher powers as well as the possibility of implementing an N + 1 redundant beam supply.
A novel phaseshifted/pulse-width-modulated, dual full-bridge topology was chosen for this module design for its efficient
switching characteristics. A breadboard version of the beam power supply module was assembled. Efficiencies ranging
between 91.6 and 96.9 percent were measured for an input voltage range of 80 to 160 V, an output voltage range of 800 to
1500 V, and output powers from 0.3 to 1.0 kW. This beam supply could result in a PPU with a total efficiency between 93
and 95 percent at a nominal input voltage of 100 V. This is up to a 4-percent improvement over the state-of-the-art PPU used
for the Deep Space 1 mission. A flight-packaged PPU is expected to weigh no more than 15 kg, which represents a 50-percent
reduction in specific mass from the Deep Space 1 design. This will make 5-kW ion propulsion very attractive for many
planetary missions.
Author
lon Engines; Power Conditioning; Fabrication, Power Modules (STS)

20050201632 NASA Glenn Research Center, Cleveland, OH, USA
Deep Space 1 Ion Engine Completed a 3-Year Journey
Sovey, James S.; Patterson, Michael J.; Rawlin, Vincent K.; Hamley, John A.; Research and Technology 2000; March 2001,
2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy

A xenon ion engine and power processor system, which was developed by the NASA Glenn Research Center in
partnership with the Jet Propulsion Laboratory and Boeing Electron Dynamic Devices, completed nearly 3 years of operation
aboard the Deep Space 1 spacecraft. The 2.3-kW ion engine, which provided primary propulsion and two-axis attitude control,
thrusted for more than 16,000 hr and consumed more than 70 kg of xenon propellant. The Deep Space 1 spacecraft was
launched on October 24, 1998, to validate 12 futuristic technologies, including the ion-propulsion system. After the technology
validation process was successfully completed, the Deep Space 1 spacecraft flew by the small asteroid Braille on July 29,
1999. The final objective of this mission was to encounter the active comet Borrelly, which is about 6 miles long. The ion
engine was on a thrusting schedule to navigate the Deep Space | spacecraft to within 1400 miles of the comet. Since the
hydrazine used for spacecraft attitude control was in short supply, the ion engine also provided two-axis attitude control to
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conserve the hydrazine supply for the Borrelly encounter. The comet encounter took place on September 22, 2001. Dr. Marc
Rayman, project manager of Deep Space 1 at the Jet Propulsion Laboratory said, ‘Deep Space 1 plunged into the heart of the
comet Borrelly and has lived to tell every detail of its spinetingling adventure! The images are even better than the impressive
images of comet Halley taken by Europe’s Giotto spacecraft in 1986.” The Deep Space 1 mission, which successfully tested
the 12 high-risk, advanced technologies and captured the best images ever taken of a comet, was voluntarily terminated on
December 18, 2001. The successful demonstration of the 2-kW-class ion propulsion system technology is now providing
mission planners with off-the-shelf flight hardware. Higher power, next generation ion propulsion systems are being developed
for large flagship missions, such as outer planet explorers and sample-return missions.

Author

Deep Space 1 Mission; Ion Engines; lon Propulsion; Spacecraft Propulsion

20050201639 NASA Glenn Research Center, Cleveland, OH, USA
Flywheel Charge/Discharge Control Developed
Beach, Raymond.F.; Kenny, Barbara H.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail:
CASI; A01, Hardcopy

A control algorithm developed at the NASA Glenn Research Center will allow a flywheel energy storage system to
interface with the electrical bus of a space power system. The controller allows the flywheel to operate in both charge and
discharge modes. Charge mode is used to store additional energy generated by the solar arrays on the spacecraft during
insolation. During charge mode, the flywheel spins up to store the additional electrical energy as rotational mechanical energy.
Discharge mode is used during eclipse when the flywheel provides the power to the spacecraft. During discharge mode, the
flywheel spins down to release the stored rotational energy.
Derived from text
Algorithms; Electricity; Energy Storage; Flywheels; Spacecraft Power Supplies

20050201647 NASA Glenn Research Center, Cleveland, OH, USA
High-Power Electromagnetic Thruster Being Developed
LaPointe, Michael R.; Mikellides, Pavlos G.; Research and Technology 2000; March 2001; 3 pp.; In English; No Copyright;
Avail: CASI; AO1, Hardcopy

High-power electromagnetic thrusters have been proposed as primary in-space propulsion options for several bold new
interplanetary and deep-space missions. As the lead center for electric propulsion, the NASA Glenn Research Center designs,
develops, and tests high-power electromagnetic technologies to meet these demanding mission requirements. Two high-power
thruster concepts currently under investigation by Glenn are the magnetoplasmadynamic (MPD) thruster and the Pulsed
Inductive Thruster (PIT).
Derived from text
Electric Propulsion; Magnetoplasmadynamic Thrusters; Propulsion; Pulsed Inductive Thrusters

20050201665 NASA Glenn Research Center, Cleveland, OH, USA
Next-Generation Ion Propulsion Being Developed
Patterson, Michael J.; Soulas, George C.; Foster, John E.; Haag, Thomas W.; Pinero, Luis R.; Rawlin, Vincent K.; Doehne,
S. Michelle; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
The NASA Glenn Research Center ion-propulsion program addresses the need for high specific-impulse systems and
technology across a broad range of mission applications and power levels. One activity is the development of the
next-generation ion-propulsion system as a follow-on to the successful Deep Space 1 system. The system is envisioned to
incorporate a lightweight ion engine that can operate over 1 to 10 kW, with a 550-kg propellant throughput capacity. The
engine concept under development has a 40-cm beam diameter, twice the effective area of the Deep Space 1 engine. It
incorporates mechanical features and operating conditions to maximize the design heritage established by the Deep Space 1
engine, while incorporating new technology where warranted to extend the power and throughput capability. Prototype
versions of the engine have been fabricated and are under test at NASA, with an engineering model version in manufacturing.
Preliminary performance data for the prototype engine have been documented over 1.1- to 7.3-kW input power. At 7.3 kW,
the engine efficiency is 0.68, at 3615-sec specific impulse. Critical component temperatures, including those of the discharge
cathode assembly and magnets, have been documented and are within established limits, with significant margins relative to
the Deep Space 1 engine. The 1- to 10-kW ion thruster approach described here was found to provide the needed power and
performance improvement to enable important NASA missions. The Integrated In-Space Transportation Planning (IISTP)
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studies compared many potential technologies for various NASA, Government, and commercial missions. These studies
indicated that a high-power ion propulsion system is the most important technology for development because of its outstanding
performance versus perceived development and recurring costs for interplanetary solar electric propulsion missions. One of
the best applications of a highpower electric propulsion system was as an integral part of a solar electric propulsion (SEP)
stage to send a payload to outer planet targets. The IISTP studies showed that either trip time or launch vehicle class could
be significantly reduced when compared with state-of-the-art systems.

Author

Fabrication; Ion Engines; lon Propulsion;, NASA Programs

20050201901 NASA Glenn Research Center, Cleveland, OH, USA
Magnetohydrodynamic MACH Code Used to Simulate Magnetoplasmadynamic Thrusters
Mikellides, Pavlos G.; LaPointe, Michael R.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright;
Avail: CASI; AO1, Hardcopy

The On-Board Propulsion program at the NASA Glenn Research Center is utilizing a state of-the-art numerical simulation
to model the performance of high-power electromagnetic plasma thrusters. Such thrusters are envisioned for use in lunar and
Mars cargo transport, piloted interplanetary expeditions, and deep-space robotic exploration of the solar system. The
experimental portion of this program is described in reference 1. This article describes the numerical modeling program used
to guide the experimental research. The synergistic use of numerical simulations and experimental research has spurred the
rapid advancement of high-power thruster technologies for a variety of bold new NASA missions. From its inception as a U.S.
Department of Defense code in the mid-1980’s, the Multiblock Arbitrary Coordinate Hydromagnetic (MACH) simulation tool
has been used by the plasma physics community to model a diverse range of plasma problems--including plasma opening
switches, inertial confinement fusion concepts, compact toroid formation and acceleration, z-pinch implosion physics,
laser-target interactions, and a variety of plasma thrusters. The MACH2 code used at Glenn is a time-dependent,
two-dimensional, axisymmetric, multimaterial code with a multiblock structure. MACH3, a more recent three-dimensional
version of the code, is currently undergoing beta tests. The MACH computational mesh moves in an arbitrary
Lagrangian-Eulerian (ALE) fashion that allows the simulation of diffusive-dominated and dispersive-dominated problems, and
the mesh can be refined via a variety of adaptive schemes to capture regions of varying characteristic scale. The mass
continuity and momentum equations model a compressible viscous fluid, and three energy equations are used to simulate
nonthermal equilibrium between electrons, ions, and the radiation field. Magnetic fields are modeled by an induction equation
that includes resistive diffusion, the Hall effect, and a thermal source for magnetic fields. Various models of plasma resistivity
are included, along with ablation models and multiport circuit solvers. The set of equations is closed using either an ideal gas
or real equation of state.
Author
Magnetohydrodynamics;,  Magnetoplasmadynamics; — Numerical — Analysis,  Thrustors;  Performance  Prediction;
Electromagnetic Propulsion; Plasmas (Physics)

20050201902 NASA Glenn Research Center, Cleveland, OH, USA, Colorado State Univ., CO, USA
13-kV Ion-Extraction System Being Developed for Inert Gas Ion Engines
Rawlin, Vincent K.; Williams, George J.; Wilbur, Paul; Research and Technology 2001; March 2002; 1 pp.; In English
Contract(s)/Grant(s): NAG3-1801; No Copyright; Avail: CASI; AO1, Hardcopy

A high-voltage ion optics design was chosen for an assumed outer planet or interstellar precursor mission that would
require a long-life, high-power, high-specific-impulse krypton ion engine. Such an engine could support energetic space
missions to the outer planets or beyond. Detailed performance and lifetime analyses and several inexpensive subscale grid tests
were conducted at the NASA Glenn Research Center and at the Colorado State University under a NASA Glenn grant. A
subscale grid set of the selected geometry shown was tested at voltages up to 13,000 V. This yielded a krypton ion beam
current that would, when scaled to a full-size 50-cm diameter, produce an ion beam with a power of 30 kW at a specific
impulse over 14,000 sec. The operational ion beam focusing limits, as a function of ion current per hole, were found to impose
requirements of high uniformity on the discharge chamber plasma density. A full-size set of two-grid, 50-cm-diameter titanium
ion optics has been fabricated and awaits testing.
Derived from text
Fabrication; Ion Extraction; Rare Gases; Systems Engineering; Space Missions; lon Optics
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20050201908 NASA Glenn Research Center, Cleveland, OH, USA, Stirling Technology Co., Kennewick, WA, USA,
Department of Energy, Washington, DC, USA
Stirling Research Laboratory Providing Independent Performance Verification of Convertors for a Stirling Radioiso-
tope Generator
Thieme, Lanny G.; Research and Technology 2001; March 2002; 4 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

The Department of Energy (DOE), Germantown, Maryland, Stirling Technology Company (STC), Kennewick,
Washington, and NASA Glenn Research Center are developing a free-piston Stirling convertor for a high-efficiency Stirling
Radioisotope Generator for NASA Space Science missions. This generator is being developed for multimission use, including
providing electric power for unmanned Mars rovers and for deep space missions. STC is developing the 55-W Technology
Demonstration Convertor (TDC) under contract to DOE. Glenn is conducting an in-house technology project to assist in
developing the convertor for readiness for space qualification and mission implementation. As part of this effort, a Stirling
Research Laboratory was established to test the TDC’s and related technologies. A key task is providing an independent
verification and validation of the TDC performance. Four TDC’s are now being tested at Glenn. Acceptance testing has been
completed for all convertors, and in general, performance agreed well with that achieved by STC prior to the delivery of the
convertors. Performance mapping has also been completed on two of the convertors over a range of hot-end temperatures (450
to 650 C), cold-end temperatures (80 to 120 C), and piston amplitudes (5.2 to 6.2 mm). These test data are available online
at http://www.grc.nasa.gov/WWW/tmsb/. The TDC’s can be tested in either a horizontal orientation with dual-opposed
convertors or in a vertical orientation with a single convertor. Synchronized dual-opposed pairs are used for dynamically
balanced operation that results in very low levels of vibration. The Stirling Research Laboratory also supports launch
environment testing of the TDC’s in Glenn’s Structural Dynamics Laboratory and electromagnetic interference and
electromagnetic compatibility characterization and reduction efforts. In addition, the TDC’s will be used for long-term
endurance testing, and preparations are underway for unattended operation.
Author
Stirling Cycle; Radioisotope Batteries; Spacecraft Power Supplies; Electric Generators

20050201913 Combustion Research and Flow Technology, Inc., Pipersville, PA, USA
Analyses Of Transient Events In Complex Valve and Feed Systems
Ahuja, Vineet; Hosangadi, Ashvin; Cavallo, Peter; Daines, Russell; [2005]; 15 pp.; In English; 41st ATAA/ASME/SAE/ASEE
Joint Propulsion Conference and Exhibit, 10-13 Jul. 2005, Tucson, AZ, USA
Contract(s)/Grant(s): NNS04AA08C
Report No.(s): NASA/NP-2005-06-00064-SSC; Copyright; Avail: CASI; A03, Hardcopy

Valve systems in rocket propulsion systems and testing facilities are constantly subject to dynamic events resulting from
the timing of valve motion leading to unsteady fluctuations in pressure and mass flow. Such events can also be accompanied
by cavitation, resonance, system vibration leading to catastrophic failure. High-fidelity dynamic computational simulations of
valve operation can yield important information of valve response to varying flow conditions. Prediction of transient behavior
related to valve motion can serve as guidelines for valve scheduling, which is of crucial importance in engine operation and
testing. In this paper, we present simulations of the diverse unsteady phenomena related to valve and feed systems that include
valve stall, valve timing studies as well as cavitation instabilities in components utilized in the test loop.
Author
Rocket Engines; Valves; Cavitation Flow; Complex Systems; Engine Tests; Vibration

20050203763 Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA
Mars Orbiter Sample Return Power Design
Mardesich, N.; Dawson, S.; 16th Space Photovoltaic Research and Technology Conference; May 2005, pp. 238-241; In
English; See also 20050203753; Original contains black and white illustrations; No Copyright; Avail: CASI; AO1, Hardcopy
Mars has greatly intrigued scientists and the general public for many years because, of all the planets, its environment is
most like Earth’s. Many scientists believe that Mars once had running water, although surface water is gone today. The planet
is very cold with a very thin atmosphere consisting mainly of CO2. Mariner 4, 6, and 7 explored the planet in flybys in the
1960s and by the orbiting Mariner 9 in 1971. NASA then mounted the ambitious Viking mission, which launched two orbiters
and two landers to the planet in 1975. The landers found ambiguous evidence of life. Mars Pathfinder landed on the planet
on July 4, 1997, delivering a mobile robot rover that demonstrated exploration of the local surface environment. Mars Global
Surveyor is creating a highest-resolution map of the planet’s surface. These prior and current missions to Mars have paved
the way for a complex Mars Sample Return mission planned for 2003 and 2005. Returning surface samples from Mars will
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necessitate retrieval of material from Mars orbit. Sample mass and orbit are restricted to the launch capability of the Mars
Ascent Vehicle. A small sample canister having a mass less than 4 kg and diameter of less than 16 cm will spend from three
to seven years in a 600 km orbit waiting for retrieval by a second spacecraft consisting of an orbiter equipped with a sample
canister retrieval system, and a Earth Entry Vehicle. To allow rapid detection of the on-orbit canister, rendezvous, and
collection of the samples, the canister will have a tracking beacon powered by a surface mounted solar array. The canister must
communicate using RF transmission with the recovery vehicle that will be coming in 2006 or 2009 to retrieve the canister.
This paper considers the aspect and conclusion that went into the design of the power system that achieves the maximum
power with the minimum risk. The power output for the spherical orbiting canister was modeled and plotted in various views
of the orbit by the Satellite Orbit Analysis Program (SOAP).

Author

Mars Sample Return Missions; Spacecraft Power Supplies; Planetary Orbits; Orbital Rendezvous; Solar Arrays; Recoverable
Spacecraft

20050203774 ITN Energy Systems, Inc., Wheat Ridge, CO, USA
Advanced Flexible Solar Array Program
Meyers, Peter V.; Fabick, Leon; Reinhardt, Kitt C.; Shafarman, William N.; 16th Space Photovoltaic Research and Technology
Conference; May 2005, pp. 230-237; In English; See also 20050203753; Original contains black and white illustrations
Contract(s)/Grant(s): F29601-98-C-0220; NIST-70NANB8H4070; No Copyright; Avail: CASI; A02, Hardcopy

Increased specific power (W/kg) solar arrays are needed for next-generation military and commercial spacecraft to enable
greater payload mass and power budgets, and possibly more satellites per launch. Researchers from ITN Energy Systems
(ITN), Global Solar Energy (GSE) and the Institute of Energy Conversion (IEC), with support from the Air Force Research
Laboratory (AFRL), are developing polycrystalline thin-film multijunction photovoltaic (PV) modules for space power
applications under the Advanced Flexible Solar Array (AFSA) program. Complementary support is provided by the Advanced
Technology Program for Premium Power directed toward tandem PV devices. Two-terminal, two-junction tandem PV cells
deposited onto lightweight flexible substrates have good potential to achieve PV blanket efficiency of 15% (AMO) and specific
power greater than 1000 W/kg. Combined with ITN’s innovative solar array pantograph deployment/support structure, the
specific power goal for the flexible thin-film solar array under development is 150 W/kg.
Author (revised)
Spacecraft Power Supplies; Solar Arrays; Flexible Bodies

20050203778
ESA Solar Generator Technology Programme
Signorini, Carla; 16th Space Photovoltaic Research and Technology Conference; May 2005, pp. 13-25; In English; See also
20050203753; Original contains black and white illustrations; No Copyright; Avail: CASI; A03, Hardcopy

This viewgraph presentation provides an overview of spacecraft solar power research and development activities currently
conducted by the European Space Agency (ESA). The topics addressed include thin film and cascade solar cells, and solar
arrays.
CASI
European Space Agency; Research and Development; Solar Generators, Technology Assessment

20050203813 NASA Glenn Research Center, Cleveland, OH, USA
Environmental Durability of Coated GRCop-84 Copper Alloys
Raj, Sai V.; Robinson, C.; Barrett, C.; Humphrey, D.; [2005]; 1 pp.; In English; 2005 TMS Annual Meeting, 13-17 Feb. 2005,
San Francisco, CA, USA
Contract(s)/Grant(s): 22-794-20-77; No Copyright; Avail: Other Sources; Abstract Only

An advanced Cu-8(at.%)Cr-4%Nb alloy developed at NASA’s Glenn Research Center, and designated as GRCop-84, is
currently being considered for use as liners in combustor chambers and nozzle ramps in NASA s future generations of reusable
launch vehicles (RLVs). However, past experience has shown that unprotected copper alloys undergo an environmental attack
called ‘blanching’ in rocket engines using liquid hydrogen as fuel and liquid oxygen as the oxidizer. Potential for sulfidation
attack of the liners in hydrocarbon-fueled engines is also of concern. As a result, protective overlay coatings alloys are being
developed for GRCop-84. The oxidation behavior of several new coating alloys has been evaluated. GRCop-84 specimens
were coated with several copper and nickel-based coatings, where the coatings were deposited by either vacuum plasma
spraying or cold spraying techniques. Coated and uncoated specimens were thermally cycled in a furnace at different
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temperatures in order to evaluate the performance of the coatings. Additional studies were conducted in a high pressure burner
rig using a hydrocarbon fuel and subjected to a high heat flux hydrogen-oxygen combustion flame in NASA s Quick Access
Rocket Exhaust (QARE) rig. The performance of these coatings are discussed.

Author

Copper Alloys,; Durability; Coatings, Combustion Chambers; Reusable Launch Vehicles; Rocket Engines; Liquid Hydrogen;
Liquid Oxygen

20050203843 NASA Glenn Research Center, Cleveland, OH, USA
Analytic Modeling of the Hydrodynamic, Thermal, and Structural Behavior of Foil Thrust Bearings
Bruckner, Robert J.; DellaCorte, Christopher; Prahl, Joseph M.; June 2005; 19 pp.; In English; 2005 Annual Meeting and
Exhibition, 60th Society of Tribologists and Lubrication Engineers, 15-19 May 2005, Las Vegas, NV, USA
Contract(s)/Grant(s): WBS 973-80-10
Report No.(s): NASA/TM-2005-213811; E-15168; No Copyright; Avail: CASI; A03, Hardcopy

A simulation and modeling effort is conducted on gas foil thrust bearings. A foil bearing is a self acting hydrodynamic
device capable of separating stationary and rotating components of rotating machinery by a film of air or other gaseous
lubricant. Although simple in appearance these bearings have proven to be complicated devices in analysis. They are sensitive
to fluid structure interaction, use a compressible gas as a lubricant, may not be in the fully continuum range of fluid mechanics,
and operate in the range where viscous heat generation is significant. These factors provide a challenge to the simulation and
modeling task. The Reynolds equation with the addition of Knudsen number effects due to thin film thicknesses is used to
simulate the hydrodynamics. The energy equation is manipulated to simulate the temperature field of the lubricant film and
combined with the ideal gas relationship, provides density field input to the Reynolds equation. Heat transfer between the
lubricant and the surroundings is also modeled. The structural deformations of the bearing are modeled with a single partial
differential equation. The equation models the top foil as a thin, bending dominated membrane whose deflections are governed
by the biharmonic equation. A linear superposition of hydrodynamic load and compliant foundation reaction is included. The
stiffness of the compliant foundation is modeled as a distributed stiffness that supports the top foil. The system of governing
equations is solved numerically by a computer program written in the Mathematica computing environment. Representative
calculations and comparisons with experimental results are included for a generation I gas foil thrust bearing.
Author
Foil Bearings, Hydrodynamics, Mathematical Models; Structural Analysis; Computerized Simulation; Thrust Bearings

20050203854 NASA Glenn Research Center, Cleveland, OH, USA, Boeing Co., USA
Brayton Power Conversion System Study to Advance Technology Readiness for Nuclear Electric Propulsion
Allen, Bog; Delventhal, Rex; Frye, Patrick; [2004]; 1 pp.; In English; Space 2004 Conference, Sep. 2004, Providence, RI,
USA
Contract(s)/Grant(s): NAS3-02204; No Copyright; Avail: Other Sources; Abstract Only

Recently, there has been significant interest within the aerospace community to develop space based nuclear power
conversion technologies especially for exploring the outer planets of our solar system where the solar energy density is very
low. To investigate these technologies NASA awarded several contracts under Project Prometheus, the Nuclear Systems
Program. The studies described in this paper were performed under one of those contracts, which was to investigate the use
of a nuclear power conversion system based on the closed Brayton cycle (CBC).The investigation performed included BPCS
(Brayton Power Conversion System) trade studies to minimize system weight and radiator area and advance the state of the
art of BPCS technology. The primary requirements for studies were a power level of 100 kWe (to the PPU), a low overall
power system mass and a lifetime of 15 years (10 years full power). For the radiation environment, the system was to be
capable of operation in the generic space environment and withstand the extreme environments surrounding Jupiter. The
studies defined a BPCS design traceable to NEP (Nuclear Electric Propulsion) requirements and suitable for future missions
with a sound technology plan for technology readiness level (TRL) advancement identified. The studies assumed a turbine
inlet temperature approx. 100 C above the current the state of the art capabilities with materials issues and related development
tasks identified. Analyses and evaluations of six different HRS (heat rejection system) designs and three primary power
management and distribution (PMAD) configurations will be discussed in the paper.
Author
Brayton Cycle; Nuclear Electric Propulsion; Nuclear Electric Power Generation
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20050203858 NASA Stennis Space Center, Stennis Space Center, MS, USA
Large Liquid Rocket Testing: Strategies and Challenges
Rahman, Shamim A.; Hebert, Bartt J.; [2005]; 16 pp.; In English; Joint Propulsion Conference and Exhibit, 10-13 Jul, 2005,
Tucson, AZ, USA
Report No.(s): ATIAA Paper 2005-3564; SSTI-2200-0048; No Copyright; Avail: CASI; A03, Hardcopy

Rocket propulsion development is enabled by rigorous ground testing in order to mitigate the propulsion systems risks
that are inherent in space flight. This is true for virtually all propulsive devices of a space vehicle including liquid and solid
rocket propulsion, chemical and non-chemical propulsion, boost stage and in-space propulsion and so forth. In particular, large
liquid rocket propulsion development and testing over the past five decades of human and robotic space flight has involved
a combination of component-level testing and engine-level testing to first demonstrate that the propulsion devices were
designed to meet the specified requirements for the Earth to Orbit launchers that they powered. This was followed by a
vigorous test campaign to demonstrate the designed propulsion articles over the required operational envelope, and over robust
margins, such that a sufficiently reliable propulsion system is delivered prior to first flight. It is possible that hundreds of tests,
and on the order of a hundred thousand test seconds, are needed to achieve a high-reliability, flight-ready, liquid rocket engine
system. This paper overviews aspects of earlier and recent experience of liquid rocket propulsion testing at NASA Stennis
Space Center, where full scale flight engines and flight stages, as well as a significant amount of development testing has taken
place in the past decade. The liquid rocket testing experience discussed includes testing of engine components (gas generators,
preburners, thrust chambers, pumps, powerheads), as well as engine systems and complete stages. The number of tests,
accumulated test seconds, and years of test stand occupancy needed to meet varying test objectives, will be selectively
discussed and compared for the wide variety of ground test work that has been conducted at Stennis for subscale and full scale
liquid rocket devices. Since rocket propulsion is a crucial long-lead element of any space system acquisition or development,
the appropriate plan and strategy must be put in place at the outset of the development effort. A deferment of this test planning,
or inattention to strategy, will compromise the ability of the development program to achieve its systems reliability
requirements and/or its development milestones. It is important for the government leadership and support team, as well as
the vehicle and propulsion development team, to give early consideration to this aspect of space propulsion and space
transportation work.
Author
Engine Tests; Propulsion System Performance; Liquid Propellant Rocket Engines; Thrust Chambers; Performance Tests

20050203878 ATK-Thiokol Propulsion, Brigham City, UT USA
Automated Fluid-Structure Interaction Analysis
Isaac, Daron; Iverson, Michael; Feb. 2003; 15 pp.; In English
Contract(s)/Grant(s): F04611-99-C-0002; Proj-1011
Report No.(s): AD-A435321; No Copyright; Avail: CASI; A03, Hardcopy

An automated Fluid-Structure Interaction (FSI) analysis procedure has been developed at ATK Thiokol Propulsion that
couples computational fluid dynamics (CFD) and structural finite element (FE) analysis to solve FSI problems. The procedure
externally couples a steady-state CFD analysis using Fluent and a structural FE analysis using ABAQUS. Pressure results from
the CFD solution are interpolated and applied as pressure boundary conditions on the structural model. Displacements from
the structural analysis are interpolated and applied to the boundary of the CFD mesh. Iteration between the CFD and the
structural analysis continues until a solution is reached. The FSI procedure provides controls to monitor the solution and define
termination criteria, as well as manage output. Automatic report generation of the solution is another feature of the FSI
procedure. Plans and funding are in place to extend the FSI procedure to include coupling with thermal analysis as well.
DTIC
Fluids, Structural Analysis; Thermal Analysis

20050203965 NASA Langley Research Center, Hampton, VA, USA
In-Vacuum Photogrammetry of a 10-Meter Solar Sail
Meyer, Chris G.; Jones, Thomas W.; Lunsford, Charles B.; Pappa, Richard S.; [2005]; 12 pp.; In English; 46th
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conference, 18-21 Apr. 2005, Austin, TX,
USA
Contract(s)/Grant(s): 23-800-92-65
Report No.(s): AIAA Paper 2005-1889; Copyright; Avail: CASI; A03, Hardcopy

In July 2004, a 10-meter solar sail structure developed by L Garde, Inc. was tested in vacuum at the NASA Glenn
30-meter Plum Brook Space Power Facility in Sandusky, Ohio. The three main objections of the test were to demonstrate
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unattended deployment from a stowed configuration, to measure the deployed shape of the sail at both ambient and cryogenic
room temperatures, and to measure the deployed structural dynamic characteristics (vibration modes). This paper summarizes
the work conducted to fulfill the second test objective. The deployed shape was measured photogrammetrically in vacuum
conditions with four 2-megapixel digital video cameras contained in custom made pressurized canisters. The canisters
included high-intensity LED ring lights to illuminate a grid of retroreflective targets distributed on the solar sail. The test
results closely matched pre-test photogrammetry numerical simulations and compare well with ABAQUS finite-element
model predictions.

Author

Photogrammetry; Solar Sails; Vacuum Chambers; Test Facilities

20050203977 NASA Marshall Space Flight Center, Huntsville, AL, USA
Certification Testing Approach for Propulsion System Design
Rodriguez, Henry; Popp, Chris; [2005]; 11 pp.; In English; 41st AIAA/ASME/SAE/ASEE Joint Propulsion Conference,
10-13 Jul. 2005, Tucson, AZ, USA
Contract(s)/Grant(s): NAS8-02070
Report No.(s): AIAA Paper 2005-4314; Copyright; Avail: CASI; A03, Hardcopy

The Certification of Propulsion Systems is costly and complex which involves development and qualification testing. The
desire of the certification process is to assure all requirements can be demonstrated to be compliant. The purpose of this paper
is to address the technical design concerns of certifying a system for flight. The authors of this paper have experience the
lessons learned from supporting the Shuttle Program for Main Propulsion and On Orbit Propulsions Systems. They have
collaborated design concerns for certifying propulsion systems. Presented are Pressurization, Tankage, Feed System and
Combustion Instability concerns. Propulsion System Engineers are challenged with the dilemma for testing new systems to
specific levels to reduce risk yet maintain budgetary targets. A methodical approach is presented to define the types of test
suitable to address the technical issues for qualifying systems for retiring the risk levels.
Author
Systems Engineering; Propulsion System Configurations; Certification

20050203979 Science Applications International Corp., Huntsville, AL, USA
Interplanetary Sample Return Missions Using Radioisotope Electric Propulsion
Williams, R.; Gao, Y.; Kluever, C. A.; Capples, M.; Belcher, J.; May 26, 2005; 11 pp.; In English; 41st AIAA Joint Propulsion
Conference, 10-13 Jul. 2005, Tucson, AZ, USA; Copyright; Avail: CASI; A03, Hardcopy

Solar electric propulsion (SEP) is being used for a variety of planetary missions sponsored by ESA, JAXA, and NASA
and nuclear electric propulsion (NEP) is being considered for future, flagship-class interplanetary missions. Radioisotope
electric propulsion (REP) has recently been shown to effectively complement SEP and NEP for missions to high-AU targets
with modest payload requirements. This paper investigates the application of an advanced REP for a sample return from the
comet Tempel 1. A set of mission and system parameters are varied with the goal of quantifying their impact on total mission
payload. Mission parameters considered include trip-time and Earth return entry interface speed of the sample return system.
System parameters considered include launch vehicle, power level of spacecraft at beginning of mission, and thruster specific
impulse. For the baseline case of Atlas 401 and REP power level of 750 W, the mission time was 12 years, the payload was
144 kg, and the missions optimized to a single specific impulse generally within Hall ion thruster range. Other cases were
investigated in support of graduate studies, and include the larger Atlas 551 launch vehicle and extended power level to 1 kW.
The Atlas 551 cases tended to optimize dual specific impulses generally in the Hall ion thruster range for both legs of the
mission. A power level of at least 1-kW and trip-time of approximately 11 years was required to obtain a total science payload
close to 320 kg for the Atlas 401 launch vehicle. An Atlas 551 launch vehicle yielded a science payload of approximately 540
kg for the case of 1-kW of power and an 11-year trip time, and nearly 250 kg of science payload for the case of 1-kW of power
and a 6-year trip time. Results are also reported indicating the performance ramifications of meeting a reduced Earth entry
interface velocity constraint.
Author
Sample Return Missions; Tempel 1 Comet; Radioactive Isotopes; Nuclear Electric Propulsion; Solar Electric Propulsion;
Interplanetary Spacecraft
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20050203986 NASA Glenn Research Center, Cleveland, OH, USA
Power System for Venus Surface Exploration
Landis, Geoffrey A.; Mellott, Kenneth; July 10, 2002; 1 pp.; In English; Seventh European Space Power Conference, 9-13
May 2005, Como, Italy
Contract(s)/Grant(s): WBS 22-319-20-B1; No Copyright; Avail: Other Sources; Abstract Only

A radioisotope power and cooling system is designed to provide electrical power for a probe operating on the surface of
Venus. Most foreseeable electronics devices and sensors cannot operate at the 450 C ambient surface temperature of Venus.
Because the mission duration is substantially long and the use of thermal mass to maintain an operable temperature range is
likely impractical, some type of active refrigeration may be required to keep electronic components at a temperature below
ambient. The fundamental cooling parameters are the cold sink temperature, the hot sink temperature, and the amount of heat
to be removed. In this instance, it is anticipated that electronics would have a nominal operating temperature of 300 C. Due
to the highly thermal convective nature of the high-density (90 bar CO2) atmosphere, the hot sink temperature was assumed
to be 50 C, which provided a 500 C temperature of the cooler’s heat rejecter to the ambient atmosphere. The majority of the
heat load on the cooler is from the high temperature ambient surface environment on Venus, with a small contribution of heat
generation from electronics and sensors. Both thermoelectric (RTG) and dynamic power conversion systems were analyzed,
based on use of a standard isotope (General-purpose heat source, or GPHS) brick. For the radioisotope Stirling power
converter configuration designed, the Sage model predicts a thermodynamic power output capacity of 478.1 watts, which
slightly exceeds the required 469.1 watts. The hot sink temperature is 1200 C, and the cold sink temperature is 500 C. The
required heat input is 1740 watts. This gives a thermodynamic efficiency of 27.48 %. It is estimated that the mechanical
efficiency of the power converter design is on the order of 85 %, based on experimental measurements taken from 500-watt
power class, laboratory-tested Stirling engines. The overall efficiency is calculated to be 23.36 %. The mass of the power
converter is estimated at approximately 21.6 kg. Additional information is included in the original extended abstract.
Author (revised)
Venus Probes; Spacecraft Power Supplies; Venus Surface; Radioisotope Batteries; High Temperature Environments;
Spacecraft Radiators; Cooling Systems; Stirling Engines

20050203997 NASA Glenn Research Center, Cleveland, OH, USA
Refractive Secondary Solar Concentrator Demonstrated High-Temperature Operation
Wong, Wayne A.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
Space applications that utilize solar thermal energy--such as electric power conversion systems, thermal propulsion
systems, and furnaces--require highly efficient solar concentration systems. The NASA Glenn Research Center is developing
the refractive secondary concentrator, which uses refraction and total internal reflection to efficiently concentrate and direct
solar energy. When used in combination with advanced lightweight primary concentrators, such as inflatable thin films, the
refractive secondary concentrator enables very high system concentration ratios and very high temperatures. Last year, Glenn
successfully demonstrated a secondary concentrator throughput efficiency of 87 percent, with a projected efficiency of 93
percent using an antireflective coating. Building on this achievement, Glenn recently successfully demonstrated high-
temperature operation of the secondary concentrator when it was used to heat a rhenium receiver to 2330 F. The
high-temperature demonstration of the concentrator was conducted in Glenn’s 68-ft long Tank 6 thermal vacuum facility
equipped with a solar simulator. The facility has a rigid panel primary concentrator that was used to concentrate the light from
the solar simulator onto the refractive secondary concentrator. NASA Marshall Space Flight Center provided a rhenium cavity,
part of a solar thermal propulsion engine, to serve as the high-temperature receiver. The prototype refractive secondary
concentrator, measuring 3.5 in. in diameter and 11.2 in. long, is made of single-crystal sapphire. A water-cooled splash shield
absorbs spillage light outside of the 3.5-in. concentrator aperture. Multilayer foil insulation composed of tungsten,
molybdenum, and niobium is used to minimize heat loss from the hightemperature receiver. A liquid-cooled canister
calorimeter is used to measure the heat loss through the multilayer foil insulation.
Author
Solar Collectors; Solar Thermal Propulsion; Thermal Energy; Solar Energy; Refractivity; Propulsion System Configurations;
Concentrators; High Temperature

20050203998 NASA Glenn Research Center, Cleveland, OH, USA
Active Control of Combustor Instability Shown to Help Lower Emissions
DeLaat, John C.; Chang, Clarence T.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail:
CASI; AO1, Hardcopy
In a quest to reduce the environmental impact of aerospace propulsion systems, extensive research is being done in the

56


http://www.sti.nasa.gov/cprice.pdf
http://www.sti.nasa.gov/cprice.pdf

development of lean-burning (low fuel-to-air ratio) combustors that can reduce emissions throughout the mission cycle.
However, these lean-burning combustors have an increased susceptibility to thermoacoustic instabilities, or high-pressure
oscillations much like sound waves, that can cause severe high-frequency vibrations in the combustor. These pressure waves
can fatigue the combustor components and even the downstream turbine blades. This can significantly decrease the safe
operating life of the combustor and turbine. Thus, suppression of the thermoacoustic combustor instabilities is an enabling
technology for lean, low-emissions combustors. Under the Aerospace Propulsion and Power Base Research and Technology
Program, the NASA Glenn Research Center, in partnership with Pratt & Whitney and United Technologies Research Center,
is developing technologies for the active control of combustion instabilities. With active combustion control, the fuel is pulsed
to put pressure oscillations into the system. This cancels out the pressure oscillations being produced by the instabilities. Thus,
the engine can have lower pollutant emissions and long life.The use of active combustion instability control to reduce
thermo-acoustic-driven combustor pressure oscillations was demonstrated on a single-nozzle combustor rig at United
Technologies. This rig has many of the complexities of a real engine combustor (i.e., an actual fuel nozzle and swirler, dilution
cooling, etc.). Control was demonstrated through modeling, developing, and testing a fuel-delivery system able to the 280-Hz
instability frequency. The preceding figure shows the capability of this system to provide high-frequency fuel modulations.
Because of the high-shear contrarotating airflow in the fuel injector, there was some concern that the fuel pulses would be
attenuated to the point where they would not be effective for control. Testing in the combustor rig showed that open-loop
pulsing of the fuel was, in fact, able to effectively modulate the combustor pressure. To suppress the combustor pressure
oscillations due to thermoacoustic instabilities, it is desirable to time the injection of the fuel so that it interferes with the
instability. A closed-loop control scheme was developed that uses combustion pressure feedback and a phase-shifting
controller to time the fuel-injection pulses. Some suppression of the pressure oscillations at the 280-Hz instability frequency
was demonstrated (see the next figure). However, the overall peak-to- peak pressure oscillations in the combustor were only
mildly reduced. Improvements to control hardware and control methods are being continued to gain improved closed-loop
reduction of the pressure oscillations.pulse the fuel at

Author

Active Control; Combustion Control; Fuel-Air Ratio; Feedback Control
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relate to aircraft, launch vehicles, and spacecraft. For specific topics in chemistry and materials see categories 25 through 29. For
astrochemistry see category 90 Astrophysics.

20050199458 NASA Glenn Research Center, Cleveland, OH, USA
Experiments Developed to Study Microgravity Smoldering Combustion
Vergilii, Franklin; Research and Technology 2000; March 2001; 3 pp.; In English; No Copyright; Avail: CASI; AOl1,
Hardcopy

The overall objective of the Microgravity Smoldering Combustion (MSC) research program is to understand and predict
smoldering combustion under normal and microgravity (near-zero-gravity) conditions to help prevent and control
smolder-originated fires, in both environments. Smoldering is defined as a nonflaming, self-sustaining, propagating,
exothermic surface reaction. If a material is sufficiently permeable, smoldering is not confined to its outer surface, but can
propagate as a reaction wave through the interior of the material. The MSC program will accomplish its goals by conducting
smolder experiments on the ground and in a space-based laboratory, and developing theoretical models of the process.
Space-based experiments are necessary because smoldering is a very slow process and, consequently, its study in a
microgravity environment requires extended periods of time that can only be achieved in space. Smoldering can occur in a
variety of processes ranging from the smolder of porous insulating materials to underground coal combustion. Many materials
can sustain smoldering, including wood, cloth, foams, tobacco, other dry organic materials, and charcoal. The ignition,
propagation, transition to flaming, and extinction of the smolder reaction are controlled by complex, thermochemical
mechanisms that are not well understood. As with many forms of combustion, gravity affects the availability of the oxidizer
and the transport of heat, and therefore, the rate of combustion. The smoldering combustion of porous materials has been
studied both experimentally and theoretically, usually in the context of fire safety. Smoldering encompasses a number of
fundamental processes, including heat and mass transfer in a porous media; endothermic pyrolysis of combustible material;
ignition, propagation, and extinction of heterogeneous exothermic reactions at the solid-gas pore interface; and the onset of
gas phase reactions (flaming) from existing surface reactions. Smoldering presents a serious fire risk because the combustion
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can propagate slowly in a material’s interior and go undetected for long periods of time. It typically yields a substantially
higher conversion of fuel to toxic compounds than does flaming (though more slowly), and may undergo a sudden transition
to flaming.

Author

Smoldering; Microgravity;, Combustion; Exothermic Reactions, Fire Prevention;, Thermochemistry, Surface Reactions

20050199682 Environmental Protection Agency, Washington, DC USA

Toxic Substances Control Act (TSCA): ASCII Text Data, July 2005, PMN Number to EPA Accession Number Link
(Raw Data on CD-ROM)

Jul. 01, 2005; In English

Report No.(s): PB2005-500162; No Copyright; Avail: National Technical Information Service (NTIS)

The TSCA Chemical Substance Inventory provides chemical identity information for the non-confidential substances on
the TSCA Master Inventory File. The datafile contains no TSCA Confidential Business Information. New versions of the
TSCA Inventory are issued at approximately six month intervals. The data provided for each chemical substance include the
CAS Registry Number, Preferred CA Index Name, molecular formula, and other appropriate information, such as valid
chemical names reported by submitters. The entries are in ascending CAS Registry Number order. The PMN Number to EPA
Accession Number Link provides a cross-reference of these number for commenced PMNs on the confidential portion of the
TSCA Master Inventory Flle. Neither this cross-reference nor the additional information included is TSCA Confidential
Business Information.

NTIS
CD-ROM; Inventories, Texts; Toxicity

20050199693 Pacific Northwest National Lab., Richland, WA, USA
Computational Design of Metal Ion Sequestering Agents
Hay, B. P; Rapko, B. M.; Paine, R. T.; Raymond, K. N.; Moyer, B. A.; Jun. 15, 2004; 12 pp.; In English
Report No.(s): DE2005-838770; No Copyright; Avail: Department of Energy Information Bridge

Organic ligands that exhibit a high degree of metal ion recognition are essential precursors for developing separation
processes and sensors for metal ions. Since the beginning of the nuclear era, much research has focused on discovering ligands
that target specific radionuclides. Members of the Group 1A and 2A cations (e.g., Cs, Sr, Ra) and the f-block metals (actinides
and lanthanides) are of primary concern to DOE. Although there has been some success in identifying ligand architectures that
exhibit a degree of metal ion recognition, the ability to control binding affinity and selectivity remains a significant challenge.
The traditional approach for discovering such ligands has involved lengthy programs of organic synthesis and testing that, in
the absence of reliable methods for screening compounds before synthesis, have resulted in much wasted research effort. This
project seeks to enhance and strengthen the traditional approach through computer-aided design of new and improved host
molecules. Accurate electronic structure calculations are coupled with experimental data to provide fundamental information
about ligand structure and the nature of metal-donor group interactions (design criteria). This fundamental information then
is used in a molecular mechanics model (MM) that helps us rapidly screen proposed ligand architectures and select the best
members from a set of potential candidates. By using combinatorial methods, molecule building software has been developed
that generates large numbers of candidate architectures for a given set of donor groups. The specific goals of this project are:
further understand the structural and energetic aspects of individual donor group- metal ion interactions and incorporate this
information within the MM framework; further develop and evaluate approaches for correlating ligand structure with
reactivity toward metal ions, in other words, screening capability; use molecule structure building software to generate large
numbers of candidate ligand architectures for given sets of donor groups; and screen candidates and identify ligand
architectures that will exhibit enhanced metal ion recognition. These new capabilities are being applied to ligand systems
identified under other DOE-sponsored projects where studies have suggested that modifying existing architectures will lead
to dramatic enhancements in metal ion binding affinity and selectivity.
NTIS
Computer Aided Design, Ligands, Metal Ions

20050200987 Kansas State Univ., Manhattan, KS USA

Characterization of New Materials for Photovoltaic Thin Films: Aggregation Phenomena in Self-Assembled Perylene-
Based Diimides

Higgins, Daniel A.; Xie, Aifang; Liu, Bei; Jul. 2005; 23 pp.; In English

Contract(s)/Grant(s): N00014-02-1-0584

Report No.(s): AD-A435695; No Copyright; Avail: CASI; A03, Hardcopy
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Under this grant, a new class of organic photovoltaic materials have been developed and characterized. These materials
are comprised of cationic symmetrically- and asymmetrically-substituted perylene diimides and oppositely charged
poly(acrylate) polyanions. Thin films of these materials yield photovoltages of \g140 mV for approximately 0.6 W/sq cm
illumination intensities, when incorporated into rudimentary heterojunction devices. Solution phase fluorescence spectra
obtained from the complexes exhibit excimer-like emission and evidence of weakly coupled ground-state aggregates.
Small-angle X-ray diffraction indicates the films incorporate planar bilayers of the diimide and polyanion having 3.9 nm repeat
distances. Scanning probe microscopy images show the films are heterogeneous, and are comprised of sub-micrometer sized
clusters that incorporate the diimide. Polarization-dependent optical imaging studies prove the perylene chromophores are
semi-organized in these clusters. Application of an electric field across the films induces a depth-dependent change in the
fluorescence. This effect is attributed to reorientation of the perylene chromophores under the influence of the applied field.
DTIC
Organic Materials; Photovoltaic Effect; Thin Films

20050201036 Air Force Research Lab., Edwards AFB, CA USA

A Model for Ammonia Solar Thermal Thruster

Colonna, Gianpiero; Capitta, Giulia; Capitelli, Mario; Wysong, Ingrid; Kennedy, Fred; Apr. 2005; 12 pp.; In English
Contract(s)/Grant(s): Proj-2308

Report No.(s): AD-A435783; No Copyright; Avail: Defense Technical Information Center (DTIC)

This paper is an attempt to investigate the nozzle expansion of a solar thruster that uses ammonia as propellant. For this
purpose we have developed a state to state kinetic model to study the dissociation of ammonia in supersonic nozzle expansion.
The properties of the thruster depend on the ammonia dissociation degree in the reservoir, which can be very far from
equilibrium due to the very slow dissociation kinetics at the thruster working conditions (\h2000 K). We have extended the
calculation for higher temperatures (\g2500 K) where ammonia dissociation is higher. Due to the presence of some hydrogen
atoms, non-Boltzmann distributions have been observed.

DTIC
Ammonia; Supersonic Nozzles

20050201053 Nanosonic, Inc., Blacksburg, VA USA
Temperature-Compensated Pressure-Sensitive Paint Containing a Bichromophoric Luminophore
Swavey, Rochael J.; Jun. 2005; 28 pp.; In English
Contract(s)/Grant(s): FA9550-04-C-0100
Report No.(s): AD-A435807; AFRL-SR-AR-TR-05-0262; No Copyright; Avail: CASI; A03, Hardcopy

The effort that has been undertaken during this Phase I STTR program will enable NanoSonic and their academic partner
at the University of Dayton to readily move toward commercialization of a sensor paint during Phase II. A bichromophoric
compound containing a pressure-sensitive chromophore and a temperature-sensitive chromophore has been synthesized and
formulated into a paint. The luminescent intensity response of the temperature sensor was characterized by fluorescence
spectroscopy and was found to be linear in the specified temperature range. The luminescence intensity from the pressure
sensor emission peak was found to be temperature independent. In addition, communications with Northrop Grumman during
Phase I have lead to a partnership for independent testing of the sensor paint in a development wind tunnel.
DTIC
Chromophores; Fluorescence; Luminescence; Paints; Pressure Sensitive Paints; Temperature Sensitive Paints

20050201089 Mainstream Engineering Corp., Rockledge, FL USA

Advanced Testing of Safe-Solvent Replacements for CFC-113 for Use in Cleaning Oxygen Systems
Grzyll, Lawrence; Meyer, John; Back, Dwight; Jun. 2005; 24 pp.; In English

Contract(s)/Grant(s): FO4611-01-C-0025; Proj-3005

Report No.(s): AD-A435887; No Copyright; Avail: Defense Technical Information Center (DTIC)

Use and Production of CFC-113 Restricted; - Replacement Cleaning Solvent Needed - Solvency As Good or Better Than
CFC-113 Non-Flammable Compatible With Liquid and Gaseous Oxygen Low Toxicity or Non-Toxic Acceptable
Environmental Properties Similar Volatility and Other Physical Properties Manufacturable at Reasonable Cost.

DTIC
Cleaning; Heat Exchangers; Oxygen; Oxygen Supply Equipment; Solvents; Toxicity; Volatility

59


http://www.sti.nasa.gov/cprice.pdf

20050201117 Army Air Forces, Wright-Patterson AFB, OH USA

Non-ODC Oxygen Line Cleaning for Use on DOD Weapons Systems

Ms. Mary, Hayes; Oct. 2003; 101 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435973; No Copyright; Avail: Defense Technical Information Center (DTIC)

This project successfully addressed both an environmental issue and a key technology issue related to military aerospace
vehicles. Through this project, government and industry joined to develop a better way to clean the oxygen-supply systems
of weapons systems by replacing ozone-depleting chemicals and a labor-intensive process with an environmentally safe,
automated method that greatly improves upon past practices. The new technology developed as a result of this project
improves the readiness of military aircraft, reduces costs, and dramatically reduces the crewmembers’ chances of exposure to
unhealthy toxins. Weapons systems have several types of oxygen-supply systems, all of which eventually develop
contamination in the distribution systems as a result of opening the lines for maintenance. Contaminants and particulates
within oxygen systems can pose significant hazards to both personnel and aerospace vehicles.

DTIC
Cleaning; Oxygen; Weapon Systems

20050201123 Delaware Univ., Newark, DE USA

Immobilized Filters for Air Filtration

Mahle, John J.; Zaiee, Saeed; Jan. 2002; 8 pp.; In English

Report No.(s): AD-A435989; No Copyright; Avail: Defense Technical Information Center (DTIC)

This study will determine the feasibility of creating an immobilized bed of adsorbent particles using adhesives. The
immobilized adsorbent will be designed for gas phase filtration in military respirators, in order to provide enhanced
moldability (settling performance) and attrition resistance. The fabricated filter samples will be analyzed in order to determine
the physical and chemical factors affecting mechanical strength and chemical filtration. Five different resin systems were
studied in this work; epoxy/amine, vinyl-ester, water- borne epoxy/amine and two water-borne urethane pre-polymer. The first
two resins are organic but epoxy/amine system is more hydrophilic than vinyl-ester. Samples were cured through temperature
cycles appropriate for their corresponding resin. Optical microscopy was used to look at the samples and determine the extent
of dispersion of resin with the activated carbon particles. Compressive and flexural properties of samples of activated carbon
particles with water-borne resin systems were evaluated. This effort was focused on distinguishing between brittle failure and
ductile failure of the samples.

DTIC
Air Filters; Filtration

20050201884 NASA Glenn Research Center, Cleveland, OH, USA
Novel Molecular Architectures Developed for Improved Solid Polymer Electrolytes for Lithium Polymer Batteries
Meador, Mary Ann B.; Kinder, James D.; Bennett, William R.; Research and Technology 2001; March 2002; 2 pp.; In
English; No Copyright; Avail: CASI; AO1, Hardcopy

Lithium-based polymer batteries for aerospace applications need the ability to operate in temperatures ranging from -70
to 70 C. Current state-of-the-art solid polymer electrolytes (based on amorphous polyethylene oxide, PEO) have acceptable
ionic conductivities (10-4 to 10-3 S/cm) only above 60 C. Higher conductivity can be achieved in the current systems by
adding solvent or plasticizers to the solid polymer to improve ion transport. However, this can compromise the dimensional
and thermal stability of the electrolyte, as well as compatibility with electrode materials. One of NASA Glenn Research
Center’s objectives in the PERS program is to develop new electrolytes having unique molecular architectures and/or novel
ion transport mechanisms, leading to good ionic conductivity at room temperature and below without solvents or plasticizers.
Derived from text
Amorphous Materials; Conductivity; Dimensional Stability; Electrode Materials, Lithium Batteries; Solid Electrolytes

20050201923 Oklahoma Univ., Norman, OK, USA
Origins of Deviations from Transition-State Theory:Formulating a New Kinetic Rate Law for Dissolution of Silicates.
(Year 2, Progress Report)
London, D.; Jun. 2003; 12 pp.; In English
Report No.(s): DE2005-834828; No Copyright; Avail: Department of Energy Information Bridge

The task assigned to PI David London, University of Oklahoma, was to devise hydrothermal methods of synthesis that
optimize the size of synthetic monocrystals of alkali feldspars, orthoclase, and albite. The synthesis method agreed upon will
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utilize convention cold-seal hydrothermal reactors. This equipment and synthesis method were chosen for two reasons: (1) the
method best simulates hydrothermal reactions of silicate glass waste material with groundwater, and (2) the method employs
small, sealed volumes of reagents, which minimizes potential hazards when and if radionuclides are added to the system.
NTIS

Dissolving; Kinetics, Silicates

20050201925 Argonne National Lab., IL USA
Energy Technology Division Research Summary Addendum, 2004
Poeppel, R. B.; Shack, W. J.; Jun. 2004; 82 pp.; In English
Report No.(s): DE2005-834709; No Copyright; Avail: Department of Energy Information Bridge

This document provides materials and engineering technology support to a wide range of programs important to the
Department of Energy. The division’s capabilities are applied to technical issues associated with energy systems,
computational physics, hydrodynamics, electromechanics, sensors, instrumentation, nondestructive evaluation, hazardous
materials, tribology, and irradiation.
NTIS
Energy Technology, Quality Control; Reactor Safety

20050201947 Texas Univ., Austin, TX, USA
Comparison of Hot Rubber Crack Sealants to Emulsified Asphalt Crack Sealants (First Report of a Three-Year Study)
Yildirim, Y.; Solaimanian, M.; Kennedy, T. W.; Aug. 2004; 130 pp.; In English
Report No.(s): PB2005-108901; RR-0-4061-1; No Copyright; Avail: CASI; A07, Hardcopy

This is the first report from Center for Transportation Research on the Project 4061. It presents the results, findings,
conclusions, and recommendations based on the surveys, lab tests, and information collected on test sections for the first year
of a 3 year study. Sealing and filling cracks has always been an important consideration in pavement maintenance. Hot rubber
asphalt has been the most commonly used material for this purpose providing good performance in most cases. However,
safety has been an issue with the use of hot rubber asphalt crack sealants because they must be applied at approximately 350
deg F - 400 deg F In addition, vehicle tires can easily pick up material if sufficient adherence is not developed between the
sealant and the crack sides. Some Texas Department of Transportation districts have been using cold pour asphalt emulsion
crack sealants to address the safety problem. However, cold pour crack sealant requires longer setting and curing time,
especially in areas of high humidity. In addition, the performance history of these cold sealants is not known or not well
documented in comparison to the performance of hot pour crack sealants. Furthermore, the cost associated with the use of this
material versus hot pour rubber asphalt is not well documented or determined. This research project is intended to compare
the cost-effectiveness, ease and safety of installation, performance, and life-cycle cost for hot rubber asphalt crack sealant, cold
pour asphalt emulsion crack sealant, and cold pour asphalt emulsion joint sealant. The comparison includes seven different
crack and joint sealants: three cold pour and four hot pour. Eight different roads in five districts were selected for comparison
of sealants. A total of thirty-three different test sections were obtained through this operation. Ease and speed of construction,
as well as the original sealing cost were compared for these sealants. The crack-sealed sections in all five districts were visited
approximately 3 months after construction. It is observed that the sealants show relatively good performance. However, in
some of the test sections, some loss of cold pour sealants was noticed.
NTIS
Asphalt; Cracks; Pavements; Rubber; Sealers; Sealing

20050201967 Lawrence Livermore National Lab., Livermore, CA USA
Boundary Conditions for Dislocation Dynamics Simulations and Stage 0 of BBC Metals at Low Temperature
Tang, M.; Kubin, L. P;; January 2005; 12 pp.; In English
Report No.(s): DE2005-15013313; UCRL-JC-143692; No Copyright; Avail: Department of Energy Information Bridge

In order to study the dislocation density evolution of body centered cubic (bcc) crystals at low temperature by dislocation
dynamics (DD) simulations, we investigated carefully three different boundary conditions (BC) for DD, i.e., the quasi-free
surface BC, the flux-balanced BC, and the periodic BC. The latter two BCs can account for the dislocation loss from the
boundary of the finite simulation box. PBC can also eliminate the influence of surfaces and improve the line connectivity. We
have found that the PBC provides a convenient and effective boundary condition for DD simulations and have applied it to
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the study of dislocation density evolution of bcc metals during stage O deformation at low temperature.
NTIS
Body Centered Cubic Lattices; Boundary Conditions; Dislocations (Materials); Low Temperature; Metals; Simulation

20050201987 Department of Energy, Washington, DC, USA
Materials Selection Considerations for Thermal Process Equipment: A BestPractices Process Heating Technical Brief
January 2005; 12 pp.; In English
Report No.(s): DE2005-15011683; No Copyright; Avail: Department of Energy Information Bridge
This technical brief is a guide to selecting high-temperature metallic materials for use in process heating applications such
as burners, electrical heating elements, material handling, load support, and heater tubes, etc.
NTIS
Heating; Materials Selection; Refractory Materials

20050202001 Lawrence Livermore National Lab., Livermore, CA USA

Chemistry and Materials Science Directorate 2002 Postdoctoral Symposium

Wirth, B. D.; Aug. 14, 2002; 44 pp.; In English

Report No.(s): DE2005-15013464; UCRL-JC-149661; No Copyright; Avail: Department of Energy Information Bridge
This document presents the chemistry and materials science directorate 2002 postdoctoral symposium.

NTIS

Chemistry; Materials Science

20050203730 Swales Aerospace, Beltsville, MD, USA
QCM Thermo-Gravimetric Analysis (QTGA) Comparisons
Rosecrans, Glenn; Meadows, George; 23rd Space Simulation Conference Proceedings; [2005]; 29 pp.; In English; See also
20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

The ASTM E-1559 apparatus has been used for years at NASA/Goddard Space Flight Center (GSFC) to determine in situ
outgassing rate information, as well as pertinent in situ TML and multiple VCM values. The apparatus also affords the
opportunity to experimentally compute the evaporation rates of molecular species that are reemitted as the Quartz Crystal
Microbalances (QCMs) are gradually warmed up at some controlled temperature. Typically the molecular mass that
accumulates onto the test QCMs are a compilation of species that are outgassing from the sample due to their respective
activation energies and the desorption processes that the sample undergoes at various tested temperatures. It has been
speculated that if there is too much molecular buildup of condensed water vapor (ice) onto the QCM crystal that a significantly
higher temperature would be needed to break these ‘ice’ bonds. ASTM E-1559 data plots will be used to demonstrate the
thermogravimetric effects of water and other miscible molecular species with various water/ice thicknesses and at different
evaporation rates.
Author
Thermogravimetry; In Situ Measurement; Outgassing; Gas Analysis;, Microbalances

20050203752 NASA Glenn Research Center, Cleveland, OH, USA
Microscale Concentration Measurements Using Laser Light Scattering Methods
Niederhaus, Charles; Miller, Fletcher; [2004]; 1 pp.; In English; Great Lakes Photonics Symposium, 7-11 Jun. 2004,
Cleveland, OH, USA
Contract(s)/Grant(s): IR&D-2201-SR-0052; No Copyright; Avail: Other Sources; Abstract Only

The development of lab-on-a-chip devices for microscale biochemical assays has led to the need for microscale
concentration measurements of specific analyses. While fluorescence methods are the current choice, this method requires
developing fluorophore-tagged conjugates for each analyte of interest. In addition, fluorescent imaging is also a volume-based
method, and can be limiting as smaller detection regions are required.
Author
Light Scattering; Laser Applications; Bioassay; Concentration (Composition)
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24
COMPOSITE MATERIALS

Includes physical, chemical, and mechanical properties of laminates and other composite materials.

20050199717 NASA Glenn Research Center, Cleveland, OH, USA
Advanced Oxide Material Systems For 1650 C Thermal/Environmental Barrier Coating Applications
Zhu, Dongming; Fox, Dennis S.; Bansal, Narottam P.; Miller, Robert A.; [2004]; 13 pp.; In English; Fifth International
Conference on High Temperature Ceramic Matrix Composites, 12-16 Sep. 2004, Seattle, WA, USA; No Copyright; Avail:
CASI; A03, Hardcopy

Advanced thermal/environmental barrier coatings (T/EBCs) are being developed for low emission SiC/SiC ceramic
matrix composite (CMC) combustor and vane applications to extend the CMC liner and vane temperature capability to 1650
C (3000 F) in oxidizing and water-vapor containing combustion environments. The 1650 C T/EBC system is required to have
better thermal stability, lower thermal conductivity, and improved sintering and thermal stress resistance than current coating
systems. In this paper, the thermal conductivity, water vapor stability and cyclic durability of selected candidate
zirconia-/hafnia-, pyrochlore- and magnetoplumbite-based T/EBC materials are evaluated. The test results have been used to
downselect the T/EBC coating materials, and help demonstrate advanced 16500C coatings feasibility with long-term cyclic
durability.
Author
Ceramic Matrix Composites; Oxides, Protective Coatings;, Thermal Control Coatings

20050199732 NASA Glenn Research Center, Cleveland, OH, USA
New High-Performance SiC Fiber Developed for Ceramic Composites
DiCarlo, James A.; Yun, Hee Mann; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail:
CASI; A01, Hardcopy

Sylramic-iBN fiber is a new type of small-diameter (10-mm) SiC fiber that was developed at the NASA Glenn Research
Center and was recently given an R&D 100 Award for 2001. It is produced by subjecting commercially available Sylramic
(Dow Corning, Midland, MI) SiC fibers, fabrics, or preforms to a specially designed high-temperature treatment in a controlled
nitrogen environment for a specific time. It can be used in a variety of applications, but it currently has the greatest advantage
as a reinforcement for SiC/SiC ceramic composites that are targeted for long-term structural applications at temperatures
higher than the capability of metallic superalloys. The commercial Sylramic SiC fiber, which is the precursor for the
Sylramic-iBN fiber, is produced by Dow Corning, Midland, Michigan. It is derived from polymers at low temperatures and
then pyrolyzed and sintered at high temperatures using boron-containing sintering aids (ref. 1). The sintering process results
in very strong fibers (\g3 GPa) that are dense, oxygen-free, and nearly stoichiometric. They also display an optimum grain size
that is beneficial for high tensile strength, good creep resistance, and good thermal conductivity (ref. 2). The NASA-developed
treatment allows the excess boron in the bulk to diffuse to the fiber surface where it reacts with nitrogen to form an in situ
boron nitride (BN) coating on the fiber surface (thus the product name of Sylramic-iBN fiber). The removal of boron from
the fiber bulk allows the retention of high tensile strength while significantly improving creep resistance and electrical
conductivity, and probably thermal conductivity since the grains are slightly larger and the grain boundaries cleaner (ref. 2).
Also, as shown in the graph, these improvements allow the fiber to display the best rupture strength at high temperatures in
air for any available SiC fiber. In addition, for CMC applications under oxidizing conditions, the formation of an in situ BN
surface layer creates a more environmentally durable fiber surface not only because a more oxidation-resistant BN is formed,
but also because this layer provides a physical barrier between contacting fibers with oxidation-prone SiC surface layers (refs.
3 and 4). This year, Glenn demonstrated that the in situ BN treatment can be applied simply to Sylramic fibers located within
continuous multifiber tows, within woven fabric pieces, or even assembled into complex product shapes (preforms). SiC/SiC
ceramic composite panels have been fabricated from Sylramic-iBN fabric and then tested at Glenn within the Ultra-Efficient
Engine Technology Program. The test conditions were selected to simulate those experienced by hot-section components in
advanced gas turbine engines. The results from testing at Glenn demonstrate all the benefits expected for the Sylramic-iBN
fibers. That is, the composites displayed the best thermostructural performance in comparison to composites reinforced by
Sylramic fibers and by all other currently available high-performance SiC fiber types (refs. 3 and 5). For these reasons, the
Ultra-Efficient Engine Technology Program has selected the Sylramic-iBN fiber for ongoing efforts aimed at SiC/SiC engine
component development.
Author
Silicon Carbides; Ceramic Matrix Composites; Composite Structures; Boron Nitrides; Boron Fibers; High Temperature; High
Strength; Heat Resistant Alloys
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20050199754 NASA Glenn Research Center, Cleveland, OH, USA
Strength and Fracture Toughness of Solid Oxide Fuel Cell Electrolyte Material Improved
Bansal, Narottam P.; Choi, Sung R.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail:
CASI; A01, Hardcopy

Solid oxide fuel cells (SOFC) are being developed for various applications in the automobile, power-generation, and
aeronautics industries. Recently, the NASA Glenn Research Center has been exploring the possibility of using SOFC’s for
aeropropulsion under its Zero Carbon Dioxide Emission Technology (ZCET) Program. 10-mol% yttriastabilized zirconia
(10YSZ) is a very good anionic conductor at high temperatures and is, therefore, used as an oxygen solid electrolyte in SOFC.
However, it has a high thermal expansion coefficient, low thermal shock resistance, low fracture toughness, and poor
mechanical strength. For aeronautic applications, the thin ceramic electrolyte membrane of the SOFC needs to be strong and
tough. Therefore, we have been investigating the possibility of enhancing the strength and fracture toughness of the 10YSZ
electrolyte without degrading its electrical conductivity to an appreciable extent. We recently demonstrated that the addition
of alumina to zirconia electrolyte increases its strength as well as its fracture toughness. Zirconia-alumina composites
containing 0 to 30 mol% of alumina were fabricated by hot pressing. The hot pressing procedure was developed and various
hot pressing parameters were optimized, resulting in dense, crackfree panels of composite materials. Cubic zirconia and
a-alumina were the only phases detected, indicating that there was no chemical reaction between the constituents during hot
pressing at elevated temperatures. Flexure strength sf and fracture toughness K(sub IC) of the various zirconia-alumina
composites were measured at room temperature as well as at 1000 C in air. Both properties showed systematic improvement
with increased alumina addition at room temperature and at 1000 C. Use of these modified electrolytes with improved strength
and fracture toughness should prolong the life and enhance the performance of SOFC in aeronautics and other applications.
Author
Electrolytes; Fracture Strength; Solid Oxide Fuel Cells; Toughness;, Mechanical Properties; Fabrication;, Composite
Materials

20050199755 NASA Glenn Research Center, Cleveland, OH, USA, Case Western Reserve Univ., Cleveland, OH, USA
Ceramic Propellant Injectors Designed and Fabricated
Eckel, Andrew J.; Research and Technology 2001; March 2002; 1 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
Ceramic propellant injectors offer the potential for order-of-magnitude weight reductions in comparison to conventional
metallic injectors and may enable some NASA missions. Injectors constructed of ceramic materials have the inherent
advantages of being lighter weight, more erosion resistant, and capable of higher temperature operation than current metallic
designs. The use of ceramics may facilitate new designs for a broad range of combustion devices in aero and space
applications. In a joint project involving NASA Glenn Research Center’s Ceramics and Combustion branches and Case
Western Reserve University, a rocket propellant injector faceplate was designed and fabricated using laminated object
manufacturing and standard ceramic processing. A number of faceplates have been successfully hot-fire bench tested.
Author
Injectors; Ceramics; Rocket Propellants;, Weight Reduction

20050199756 NASA Glenn Research Center, Cleveland, OH, USA, NASA Marshall Space Flight Center, Huntsville, AL,
USA
Lightweight, Actively Cooled Ceramic Matrix Composite Thrustcells Successfully Tested in Rocket Combustion Lab
Jaskowiak, Martha H.; Elam, Sandra K.; Effinger, Michael R.; Research and Technology 2001; March 2002; 2 pp.; In English;
No Copyright; Avail: CASI; AO1, Hardcopy

In a joint effort between the NASA Glenn Research Center and the NASA Marshall Space Flight Center, regeneratively
cooled ceramic matrix composite (CMC) thrustcells were developed and successfully tested in Glenn’s Rocket Combustion
Lab. Cooled CMC'’s offer the potential for substantial weight savings over more traditional metallic parts. Two CMC concepts
were investigated. In the first of these concepts, an innovative processing approach utilized by Hyper-Therm, Inc., allowed
woven CMC coolant containment tubes to be incorporated into the complex thruster design. In this unique design, the coolant
passages had varying cross-sectional shapes but maintained a constant cross-sectional area along the length of the thruster.
These thrusters were silicon carbide matrix composites reinforced with silicon carbide fibers. The second concept, which was
supplied by Ceramic Composites, Inc., utilized copper cooling coils surrounding a carbon-fiber-reinforced carbon matrix
composite. In this design, a protective gradient coating was applied to the inner thruster wall. Ceramic Composites, Inc.’s,
method of incorporating the coating into the fiber and matrix eliminated the spallation problem often observed with thermal
barrier coatings during hotfire testing. The focus of the testing effort was on screening the CMC material’s capabilities as well
as evaluating the performance of the thermal barrier or fiber-matrix interfacial coatings. Both concepts were hot-fire tested in
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gaseous O2/H2 environments. The test matrix included oxygen-to-fuel ratios ranging from 1.5 to 7 with chamber pressures
to 400 psi. Steady-state internal wall temperatures in excess of 4300 F were measured in situ for successful 30-sec test runs.
Photograph of actively cooled composite thrustcell fabricated by Hyper-Therm is shown. The thrustcell is a silicon-carbide-
fiber-reinforced silicon carbide matrix composite with woven cooling channels. The matrix is formed via chemical vapor
infiltration. Photograph of hot-fire test of an actively cooled carbon-fiber-reinforced carbon matrix composite thrustcell is also
shown. This composite thrustcell, which was fabricated by CCI, Inc., was wound with copper cooling coils to contain the water
coolant. The tests were run with oxygen fuel ratios up to seven with chamber pressures of 200 psia.

Author

Ceramic Matrix Composites; Combustion; Fabrication; Thrust; Regenerative Cooling; Rocket Engines

20050201662 Iowa State Univ. of Science and Technology, Ames, IA USA
Design of Bio-Hybrid Surface Assemblies at Engineering Interfaces
Tsukruk, Vladimir V.; May 2005; 11 pp.; In English
Contract(s)/Grant(s): F49620-02-1-0205
Report No.(s): AD-A435743; AFRL-SR-AR-TR-05-0291; No Copyright; Avail: CASI; A03, Hardcopy

The project is devoted to designing and fabricating flexible free-suspended nanocomposite membranes based on a
bioinspired concept of snake photothermal receptors. We suggested an innovative fabrication technique which can be used to
obtain robust and lightweight, microscopic nanocomposite membranes with extraordinary sensitivity and dynamic range.
These nanomembranes with thickness of 30-50 nm and diameter of several hundred microns, which can be free-suspended
over a microscopic opening were fabricated with molecular precision by time-efficient, spin-assisted layer- by-layer assembly
on a sacrificial substrate. They are designed as multilayered nanocomposite films composed of polymer bilayers alternating
in ordered fashion and gold nanoparticles with a diameter below 13 nm and possess unparalleled sensitivity combined with
extreme robustness.
DTIC
Nanocomposites; Nanofabrication

20050201794 NASA Glenn Research Center, Cleveland, OH, USA
Polymer/Silicate Nanocomposites Developed for Improved Thermal Stability and Barrier Properties
Campbell, Sandi G.; Research and Technology 2000; March 2001; 3 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

The nanoscale reinforcement of polymers is becoming an attractive means of improving the properties and stability of
polymers. Polymer-silicate nanocomposites are a relatively new class of materials with phase dimensions typically on the
order of a few nanometers. Because of their nanometer-size features, nanocomposites possess unique properties typically not
shared by more conventional composites. Polymer-layered silicate nanocomposites can attain a certain degree of stiffness,
strength, and barrier properties with far less ceramic content than comparable glass- or mineral-reinforced polymers.
Reinforcement of existing and new polyimides by this method offers an opportunity to greatly improve existing polymer
properties without altering current synthetic or processing procedures.
Author
Nanocomposites; Thermal Stability; Silicates; Polymer Matrix Composites, Polyimides

20050201883 NASA Glenn Research Center, Cleveland, OH, USA
NASA Glenn/AADC Collaboration Optimized Erosion Coatings for Inlet Guide Vanes
Sutter, James K.; Leissler, George; Horan, Richard; Research and Technology 2001; March 2002; 2 pp.; In English; No
Copyright; Avail: CASI; AO1, Hardcopy

There is a need for lightweight, durable materials and structures to reduce the weight of propulsion systems. Polymer
matrix composites (PMC’s) are promising materials for aecrospace applications because of their high strength-to-weight ratio
relative to metals. Unfortunately, they are limited to applications where they are not exposed to hightemperature oxidizing
atmospheres and/or particulates from ingested air. This is because oxidation and erosion occur on the surface, leading to
weight loss, nodulation, and/or cracking on the surface, and a consequent decline of mechanical properties over time. Although
prior research has shown that oxidation can be slowed when metallic or ceramic coatings are applied onto PMC'’s, there
remains a need for erosion-resistant coatings that protect PMC’s from high-velocity particulates in the engine flow path. These
erosionresistant coatings could extend the life of polymer composites. Polymer composites are heavily damaged without an
erosion-resistant coating because they are not as hard as metallic engine structures. The effectiveness and life of the coatings
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depends on their inherent properties as well as on the interaction between the coating and the PMC. Since polymers, in general,
have high thermal expansion coefficients in comparison to metals and ceramics, failure of the coatings often occurs at this
interface. The objective of this research is to develop strategies to improve this interface and tailor overlays for erosion
resistance. The bondcoat, which was developed at the NASA Glenn Research Center, is composed of zinc blended with
polyimides to improve the compatibility between the PMC and the overlay material. Initial coating trials at AADC produced
vanes that had poor bonding between the overlay and bondcoats. Subsequently, Glenn successfully demonstrated that
high-quality plasma-sprayed erosion coating systems could be applied to these guide vanes. Inlet guide vanes from AE 3007
engines fiber composites were coated using a coating system composed of a bondcoat and a hard topcoat. Optimization of the
plasma spray process has led to plans for future erosion testing in gas turbine engine environments.

Derived from text

Erosion; Guide Vanes; Optimization; Coatings; Engine Inlets; Mechanical Properties; NASA Programs

20050201896 NASA Glenn Research Center, Cleveland, OH, USA
Architectures for High-Performance Ceramic Composites Being Improved
Yun, Hee Mann; DiCarlo, James A.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail:
CASI; AO1, Hardcopy

A major thrust of the Ultra-Efficient Engine Technology (UEET) Program at the NASA Glenn Research Center is to
develop advanced hot-section engine components using SiC/SiC ceramic matrix composites (CMC’s) with thermostructural
capability to 2400 F (1315 C). In previous studies, UEET determined that the higher the ultimate tensile strength (UTS) of
the as-fabricated CMC, the greater its structural performance at 2400 F. Thus efforts have been ongoing within UEET to
understand and develop fiber architecture approaches that can improve the UTS of SiC/SiC CMC’s. Under UEET, SiC/SiC
test panels and demonstration engine components are currently produced by the multi-ply layup of two-dimensional fabric
pieces. The fabric is typically formed of multifilament tows containing high-performance Sylramic (Dow Corning) SiC fiber
that is woven into two-dimensional five-harness satin fabric with 20 ends per inch in the 0 degree and 90 degree directions.
In some cases, fabric pieces containing woven Sylramic fiber tows are thermally treated at NASA to form Sylramic-iBN fibers
that contain a very thin in-situ-grown boron nitride layer on their surfaces. The final SiC/SiC panels and components are
fabricated at the CMC vendor by compressing the fabric pieces in tools and then depositing a thin BN interphase coating on
the fibers by chemical vapor deposition. The last step at the vendor is to infiltrate the BN-coated fiber architecture with SiC
and silicon matrix constituents to form a dense product. Because the as-produced Sylramic fiber tows are sized with a thin
polymer coating to facilitate handling and weaving, the individual fibers within the tows and fabric are in close contact with
each other. This contact is further increased during fabric compression. One important recent finding is that increasing
Sylramic fiber tow width in a fabric increases the UTS of the final SiC/SiC CMC. This effect is presumably related to
minimizing fiber/fiber contact, which can be detrimental to CMC strength because of the boron-rich chemistry and roughness
of the Sylramic fiber surface. Tows can be spread by mechanically agitating the Sylramic fabric prior to CMC fabrication or
by simply thermally treating the Sylramic fabric as in the formation of the Sylramic-iBN fibers. However, CMC’s with the
treated Sylramic-iBN fabric are even stronger than CMC’s with mechanically spread Sylramic tows. The extra strength
capability is presumably related to the in situ BN on the fiber surface, which adds compliance to the fiber surfaces and is more
resistant to oxygen impurities introduced during the chemical vapor deposition BN process. As shown, another important
finding is that the use of fabric with tows having less than the standard of 20 ends per inch provides advantages in terms of
reduced ply height and increased ply and CMC strength. The reduced ply height provides more control of part thickness by
allowing more plies for a given thickness and by reducing interlaminar residual stresses between plies. The increased ply
strength is presumably related to a reduced number of interlaced 90 tows, which, in turn, reduces the crimp angle on the
high-modulus fibers in the 0 degree tows. Also, as shown, although fabric with fewer ends per inch reduced the maximum fiber
fraction in an eight-ply CMC panel; CMC UTS actually increased because of increased ply strength. Thus, using fabric with
fewer ends per inch has several advantages, including providing a significantly higher strength per fiber fraction in the CMC.
Consequently, ongoing UEET efforts will attempt to use architectural approaches for components that minimize fiber-fiber
contacts and fiber bending within the final composite microstructure.
Derived from text
Ceramic Matrix Composites; Fabrication, Silicon Carbides; Microstructure; Reinforcing Fibers

20050201897 NASA Glenn Research Center, Cleveland, OH, USA

Ceramic Composite Intermediate Temperature Stress-Rupture Properties Improved Significantly

Morscher, Gregory N.; Hurst, Janet B.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail:
CASI; A01, Hardcopy
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Silicon carbide (SiC) composites are considered to be potential materials for future aircraft engine parts such as combustor
liners. It is envisioned that on the hot side (inner surface) of the combustor liner, composites will have to withstand
temperatures in excess of 1200 C for thousands of hours in oxidizing environments. This is a severe condition; however, an
equally severe, if not more detrimental, condition exists on the cold side (outer surface) of the combustor liner. Here, the
temperatures are expected to be on the order of 800 to 1000 C under high tensile stress because of thermal gradients and
attachment of the combustor liner to the engine frame (the hot side will be under compressive stress, a less severe stress-state
for ceramics). Since these composites are not oxides, they oxidize. The worst form of oxidation for strength reduction occurs
at these intermediate temperatures, where the boron nitride (BN) interphase oxidizes first, which causes the formation of a
glass layer that strongly bonds the fibers to the matrix. When the fibers strongly bond to the matrix or to one another, the
composite loses toughness and strength and becomes brittle. To increase the intermediate temperature stress-rupture
properties, researchers must modify the BN interphase. With the support of the Ultra-Efficient Engine Technology (UEET)
Program, significant improvements were made as state-of-the-art SiC/SiC composites were developed during the Enabling
Propulsion Materials (EPM) program. Three approaches were found to improve the intermediate-temperature stress-rupture
properties: fiber-spreading, high-temperature silicon- (Si) doped boron nitride (BN), and outside-debonding BN.

Author
Silicon Carbides; Ceramic Matrix Composites, Boron Nitrides;, Woven Composites

20050201906 NASA Glenn Research Center, Cleveland, OH, USA
High-Temperature Intercalated Graphite Fiber Conductors Fabricated
Gaier, James R.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
Composites of intercalated graphite fibers show promise to significantly reduce the weight of electromagnetic interference
shielding in spacecraft and aircraft. Bromine intercalated pitch-based fibers have been among the most heavily studied systems
because of their attractive electrical and thermal conductivities and their stability over a wide range of environmental
conditions. Previous studies found that the resistivity of bromineintercalated graphite fibers began to increase when the fibers
were exposed to temperatures in excess of about 200 C in air for long periods of time. If the temperature was as high as 450
C, the resistivity increased dramatically within a few hours. It remained unclear, however, whether the increase was due to
deintercalation of the bromine or to air oxidation of the fibers. Studies were initially directed toward determining the
temperature at which bromine would deintercalate from the fibers, and perhaps become a hazard to both personnel and
equipment. So the mass of bromine-intercalated graphite fibers was carefully monitored as it was heated in an inert
atmosphere, since the fibers are known to oxidize at a lower temperature than they deintercalate. What was found was that
the fibers, which are about 18-wt% bromine, did not lose any appreciable mass even at temperatures approaching 1000 C.
X-ray diffraction studies showed that there were also no changes in the overall structure of the compound. Resistivity
measurements indicated that there is some slight degradation in the electronic structure, in that the resistivity increased by a
few percent. Overall, the results show that these materials may be suitable for applications at temperatures at least this high,
provided oxygen is excluded. This may enable their use in carbon-ceramic, and perhaps even carbon-carbon composites.
Author
Conductors, Fabrication; High Temperature; Graphite; Fiber Composites

20050201907 NASA Glenn Research Center, Cleveland, OH, USA
Solar Selective Coatings Developed for Space Power Applications
Jaworske, Donald A.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

A solar collector having the combined properties of high solar absorptance, low infrared emittance, and high thermal
conductivity is envisioned for space power applications on minisatellites. A high solar absorptance is needed to collect as much
of the incident solar radiation as possible and a low infrared emittance is needed to minimize radiant energy losses. A
lightweight material having a high thermal conductivity is needed to transport the absorbed energy to where it is needed. Such
a solar collector may be used with a low temperature-differential heat engine to provide electric power to the minisatellite
components or as a source of thermal energy for a thermal bus that would heat remote regions of the spacecraft. The key to
such a collector is the use of cermet coatings. Cermet coatings are composed of molecular islands of metal embedded in a
three-dimensional matrix of dielectric. Recent research on molecular mixtures of aluminum and aluminum oxide at the NASA
Glenn Research Center has yielded cermet coatings with a solar absorptance a of 0.797 and an infrared emittance epsilon of
0.131, yielding an alpha/epsilon ratio of 6. Although additional work is needed to further increase the alpha/epsilon ratio, these
coatings are attractive owing to their potential durability in the space environment. The aluminum oxide surface should
provide substantial protection from the atomic oxygen found in low Earth orbit. To help minimize emittance, these coatings
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are deposited on a smooth surface. The selected surface is aluminum that has been diamond turned to a mirror finish. Cermet
coatings are manufactured by sputter deposition. To achieve the desired variable composition, Glenn’s researchers
implemented a novel approach using a cylindrical target composed of aluminum and aluminum oxide. Rotating the cylinder
during the deposition process yields a coating of variable composition. A photograph of the custom-made aluminum and
aluminum oxide cylindrical target installed in the sputter deposition chamber is shown.

Author

Coating, Solar Collectors; Spacecraft Propulsion; Cermets

20050201909 NASA Glenn Research Center, Cleveland, OH, USA
Knowledge of Pest Resistance in SiC/BN/SiC Composites Improved
Thomas-Ogbuji, Linus U.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

Ceramic-matrix composites (CMC’s) consisting of a silicon carbide matrix reinforced with boron-nitride- (BN-) coated
silicon carbide (SiC) fibers are strong contenders for commercial and aerospace applications (in particular, the hot sections of
high-performance turbine engines in advanced aircraft and generators). They have very good mechanical properties below
approximately 600 C and above approximately 1000 C. Between those temperatures, however, the BN coating oxidizes easily,
and the oxidation of the SiC matrix is too sluggish to seal off the composite with a protective layer of silica. In that temperature
interval, the preferential oxidation of the BN weakens and embrittles the composite. That phenomenon, referred to as “pest’
degradation, is the focus of this work, which aims to identify the causes of and remedies for pesting. Previous work established
that pesting in Hi-Nicalon (Nippon Carbon Co., Ltd., Japan)/SiC composites was caused by a layer of free carbon that
undermined the oxidation resistance of the BN. New work suggests that composites containing a source of carbon are prone
to severe pesting and that those that are free of elemental carbon are resistant pesting. Pest resistance was assessed by exposing
machined samples for 100 to 150 hr in an atmospheric burner rig at 600 to 1100 C, followed by a tensile fracture test to
measure residual mechanical properties and by characterization of the interphase microstructure. Whether the elemental
carbon came from intrinsic or extrinsic sources, its presence induced the tensile strength to drop by over 50 percent in the
burner rig, with an even more severe loss of fracture strain. A likely mechanism by which burnoff of the carbon layer exposes
the BN to accelerated flank attack by ambient oxidants is shown. The BN is replaced with borosilicates that attack the fiber,
and ultimately with silica that embrittles the composites by rigidly bonding components. Thus, the study has shown that
pesting can be prevented in SiC/BN/SiC, or at least reduced, by simply excluding free carbon. These studies continue, and
plans for future work include investigating the role that carbon may play elsewhere in the interphase region.
Author
Boron Nitrides; Ceramic Matrix Composites; Silicon Carbides; Mechanical Properties; Oxidation Resistance

20050202020 Michigan Technological Univ., Houghton, MI, USA
Studies of Carbon Nanotubes
Caneba, Gerard T.; NASA Summer Faculty Fellowship Program 2004, Volumes 1 and 2; August 2005, pp. 3-1 - 3-15; In
English; See also 20050202011; Original contains black and white illustrations
Contract(s)/Grant(s): NAG9-1526; NNJO4JF93A; No Copyright; Avail: CASI; A03, Hardcopy

The fellowship experience for this summer for 2004 pertains to carbon nanotube coatings for various space-related
applications. They involve the following projects: (a) EMI protection films from HiPco-polymers, and (b) Thermal protection
nanosilica materials. EMI protection films are targeted to be eventually applied onto casings of laptop computers. These
coatings are composites of electrically-conductive SWNTs and compatible polymers. The substrate polymer will be
polycarbonate, since computer housings are typically made of carbon composites of this type of polymer. A new experimental
copolymer was used last year to generate electrically-conductive and thermal films with HiPco at 50/50 wt/wt composition.
This will be one of the possible formulations. Reference films will be base polycarbonate and neat HiPco onto polycarbonate
films. Other coating materials that will be tried will be based on HiPco composites with commercial enamels (polyurethane,
acrylic, polyester), which could be compatible with the polycarbonate substrate. Nanosilica fibers are planned for possible use
as thermal protection tiles on the shuttle orbiter. Right now, microscale silica is used. Going to the nanoscale will increase the
surface-volume-per-unit-area of radiative heat dissipation. Nanoscale carbon fibers/nanotubes can be used as templates for the
generation of nanosilica. A sol-gel operation is employed for this purpose.
Author
Nanotubes; Carbon Nanotubes; Carbon Fibers; Thermal Protection; Copolymers; Polycarbonates; Polyurethane Resins
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20050202023 LeTourneau Univ., Longview, TX, USA
Diagnostics of Carbon Nanotube Formation in a Laser Produced Plume: Spectroscopic in situ nanotube detection using
spectral absorption and surface temperature measurements by black body emission
DeBoer, Gary D.; NASA Summer Faculty Fellowship Program 2004, Volumes 1 and 2; August 2005, pp. 5-1 - 5-14; In
English; See also 20050202011; Original contains black and white illustrations
Contract(s)/Grant(s): NAG9-1526; No Copyright; Avail: CASI; A03, Hardcopy

Carbon nanotubes hold great promise for material advancements in the areas of composites and electronics. The
advancement of research in these areas is dependent upon the availability of carbon nanotubes to a broad spectrum of academic
and industrial researchers. Although there has been much progress made in reducing the costs of carbon nanotubes and
increasing the quality and purity of the products, an increase in demand for still less expensive and specific nanotubes types
has also grown. This summer’s work has involved two experiments that have been designed to further the understanding of
the dynamics and chemical mechanisms of carbon nanotube formation. It is expected that a better understanding of the process
of formation of nanotubes will aid current production designs and stimulate ideas for future production designs increasing the
quantity, quality, and production control of carbon nanotubes. The first experiment involved the measurement of surface
temperature of the target as a function of time with respect to the ablation lasers. A peak surface temperature of 5000 K was
determined from spectral analysis of black body emission from the target surface. The surface temperature as a function of
various changes in operating parameters was also obtained. This data is expected to aid the modeling of ablation and plume
dynamics. The second experiment involved a time and spatial measurement of the spectrally resolved absorbance of the laser
produced plume. This experiment explored the possibility of developing absorbance and fluorescence to detect carbon
nanotubes during production. To attain control over the production of nanotubes with specific properties and reduce costs, a
real time in situ diagnostics method would be very beneficial. Results from this summer’s work indicate that detection of
nanotubes during production may possibly be used for production feed back control.
Author
Carbon Nanotubes; Surface Temperature; Time Dependence; Ablation; Lasers; Plumes; Time Measurement; Spectrum
Analysis; Black Body Radiation

20050202089 NASA Glenn Research Center, Cleveland, OH, USA
Damage Accumulation and Failure of Plasma-Sprayed Thermal Barrier Coatings under Thermal Gradient Cyclic
Conditions
Zhu, Dongming; Choi, Sung R.; Ghosn, Louis J.; Miller, rober A.; [2005]; 1 pp.; In English; Symposium on Advanced
Ceramic Coatings for Structural, Environmental and Functional Applications, 23-28 Jan. 2005, Cocoa Beach, FL, USA; No
Copyright; Avail: Other Sources; Abstract Only

Thermal barrier coatings will be more aggressively designed to protect gas turbine engine hot-section components in order
to meet future engine higher fuel efficiency and lower emission goals. A fundamental understanding of the sintering and
thermal cycling induced delamination of thermal barrier coating systems under engine-like heat flux conditions will potentially
help to improve the coating temperature capability. In this study, a test approach is established to emphasize the real-time
monitoring and assessment of the coating thermal conductivity, which can initially increase under the steady-state high
temperature thermal gradient test due to coating sintering, and later decrease under the thermal gradient cyclic test due to
coating cracking and delamination. Thermal conductivity prediction models have been established for a ZrO2-(7- 8wt%)Y203
model coating system in terms of heat flux, time, and testing temperatures. The coating delamination accumulation is then
assessed based on the observed thermal conductivity response under the combined steady-state and cyclic thermal gradient
tests. The coating thermal gradient cycling associated delaminations and failure mechanisms under simulated engine heat-flux
conditions will be discussed in conjunction with the coating sintering and fracture testing results.
Author
Damage; Plasma Spraying, Temperature Gradients; Thermal Control Coatings; Failure Analysis

20050203650 QSS Group, Inc., Cleveland, OH, USA
Implementation Challenges for Ceramic Matrix Composites in High Temperature Applications
Singh, Mrityunjay; [2004]; 1 pp.; In English; International Conference on Recent Advances in Composite Materials
(ICRACM-2004), 17-19 Dec. 2004, Varanasi, India
Contract(s)/Grant(s): NAS3-00145; No Copyright; Avail: Other Sources; Abstract Only

Ceramic matrix composites are leading candidate materials for a number of applications in aeronautics, space, energy,
electronics, nuclear, and transportation industries. In the aeronautics and space exploration systems, these materials are being
considered for applications in hot sections of jet engines such as the combustor liner, nozzle components, nose cones, leading
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edges of reentry vehicles and space propulsion components. Applications in the energy and environmental industries include
radiant heater tubes, heat exchangers, heat recuperators, gas and diesel particulate filters (DPFs), and components for land
based turbines for power generation. These materials are also being considered for use in the first wall and blanket components
of fusion reactors. There are a number of critical issues and challenges related to successful implementation of composite
materials. Fabrication of net and complex shape components with high density and tailorable matrix properties is quite
expensive, and even then various desirable properties are not achievable. In this presentation, microstructure and
thermomechanical properties of composites fabricated by two techniques (chemical vapor infiltration and melt infiltration),
will be presented. In addition, critical need for robust joining and assembly technologies in successful implementation of these
systems will be discussed. Other implementation issues will be discussed along with advantages and benefits of using these
materials for various components in high temperature applications.

Author

Ceramic Matrix Composites; Refractory Materials

20050203664 NASA Glenn Research Center, Cleveland, OH, USA
Thermostructural Properties Of Sic/Sic Panels With 2.5d And 3d Fiber Architectures
Yun, H. M.; DeCarlo, J. A.; Bhatt, R. H.; Jaskowiak, M. H.; [2005]; 1 pp.; In English; 29th Annual Conference on Composites,
Materials, and Structures, 24-28 Jan. 2005, Cocoa Beach, FL, USA
Contract(s)/Grant(s): IRD-04-10; IRD-04-11; No Copyright; Avail: Other Sources; Abstract Only

CMC hot-section components in advanced engines for power and propulsion will typically require high cracking strength,
high ultimate strength and strain, high creep- rupture resistance, and high thermal conductivity in all directions. In the past,
NASA has demonstrated fabrication of a variety of SiC/SiC flat panels and round tubes with various 2D fiber architectures
using the high-modulus high-performance Sylramic-iBN Sic fiber and Sic-based matrices derived by CVI, MI, and/or PIP
processes. The thermo- mechanical properties of these CMC have shown state-of-the-art performance, but primarily in the
in-plane directions. Currently NASA is extending the thermostructural capability of these SiC/SiC systems in the
thru-thickness direction by using various 2.5D and 3D fiber architectures. NASA is also using specially designed fabrication
steps to optimize the properties of the BN-based interphase and Sic-based matrices. In this study, Sylramic-iBN/SiC panels
with 2D plain weave, 2.5D satin weave, 2.5D ply-to-ply interlock weave, and 3D angle interlock fiber architectures, all woven
at AITI, were fabricated using matrix densification routes previously established between NASA and GEPSC for CVI-MI
processes and between NASA and Starfire-Systems for PIP processes. Introduction of the 2.5 D fiber architecture along with
an improved matrix process was found to increase inter-laminar tensile strength from 1.5 -2 to 3 - 4 ksi and thru-thickness
thermal conductivity from 15-20 to 30-35 BTU/ft.hr.F with minimal reduction in in-plane strength and creep-rupture
properties. Such improvements should reduce thermal stresses and increase the thermostructural operating envelope for
SiC/SiC engine components. These results are analyzed to offer general guidelines for selecting fiber architectures and
constituent processes for high-performance SiC/SiC engine components.
Author
Silicon Carbides; Fabrication;, Mechanical Properties; Panels; Ceramic Matrix Composites;, Fibers; Thermodynamic
Properties

20050203676 NASA Langley Research Center, Hampton, VA, USA
Scaling the Non-linear Impact Response of Flat and Curved Composite Panels
Ambur, Damodar R.; Chunchu, Prasad B.; Rose, Cheryl A.; Feraboli, Paolo; Jackson, Wade C.; [2005]; 15 pp.; In English;
46th ATAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conference, 18-21 Apr. 2005, Austin, TX,
USA
Contract(s)/Grant(s): 23-719-55-TD
Report No.(s): ATAA Paper 2005-2224; No Copyright; Avail: CASI; A03, Hardcopy

The application of scaling laws to thin flat and curved composite panels exhibiting nonlinear response when subjected to
low-velocity transverse impact is investigated. Previous research has shown that the elastic impact response of structural
configurations exhibiting geometrically linear response can be effectively scaled. In the present paper, a preliminary
experimental study is presented to assess the applicability of the scaling laws to structural configurations exhibiting
geometrically nonlinear deformations. The effect of damage on the scalability of the structural response characteristics, and
the effect of scale on damage development are also investigated. Damage is evaluated using conventional methods including
C-scan, specimen de-plying and visual inspection of the impacted panels. Coefficient of restitution and normalized contact
duration are also used to assess the extent of damage. The results confirm the validity of the scaling parameters for elastic
impacts. However, for the panels considered in the study, the extent and manifestation of damage do not scale according to
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the scaling laws. Furthermore, the results indicate that even though the damage does not scale, the overall panel response
characteristics, as indicated by contact force profiles, do scale for some levels of damage.

Author

Composite Structures; Curved Panels; Nonlinearity; Scaling Laws; Flat Surfaces

20050203677 NASA Glenn Research Center, Cleveland, OH, USA
Thermal Conductivity of Alumina-reinforced Zirconia Composites
Bansal, Narottam P.; [2005]; 1 pp.; In English; 107th Annual Meeting and Exposition of the American Ceramic Society, 10-13
Apr. 2005, Baltimore, MD, USA
Contract(s)/Grant(s): 22-066-20-06; No Copyright; Avail: Other Sources; Abstract Only

10-mol% yttria-stabilized zirconia (10SZ) - alumina composites containing 0-30 mol% alumina were fabricated by hot
pressing at 1500 C in vacuum. Thermal conductivity was determined at various temperatures using a steady-state laser heat
flux technique. Thermal conductivity of the composites increased with increase in alumina content. Composites containing 0,
5, and 10-mol% alumina did not show any change in thermal conductivity with temperature. However, those containing 20
and 30-mol% alumina showed a decrease in thermal conductivity with increase in temperature. The measured values of
thermal conductivity were in good agreement with those calculated from the Maxwell-Eucken model where one phase is
uniformly dispersed within a second major continuous phase.
Author
Zirconium Oxides; Yttria-Stabilized Zirconia; Aluminum Oxides; Thermal Conductivity; Heat Flux; Composite Materials

20050203703 NASA Glenn Research Center, Cleveland, OH, USA
Scanning Ultrasonic Spectroscopy System Developed for the Inspection of Composite Flywheels
Martin, Richard E.; Baaklini, George Y.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail:
CASI; A01, Hardcopy

Composite flywheels are being considered as replacements for chemical batteries aboard the International Space Station.
A flywheel stores energy in a spinning mass that can turn a generator to meet power demands. Because of the high rotational
speeds of the spinning mass, extensive testing of the flywheel system must be performed prior to flight certification. With this
goal in mind, a new scanning system has been developed at the NASA Glenn Research Center for the nondestructive
inspection of composite flywheels and flywheel subcomponents. The system uses ultrasonic waves to excite a material and
examines the response to detect and locate flaws and material variations. The ultrasonic spectroscopy system uses a transducer
to send swept-frequency ultrasonic waves into a test material and then receives the returning signal with a second transducer.
The received signal is then analyzed in the frequency domain using a fast Fourier transform. A second fast Fourier transform
is performed to examine the spacing of the peaks in the frequency domain. The spacing of the peaks is related to the standing
wave resonances that are present in the material because of the constructive and destructive interferences of the waves in the
full material thickness as well as in individual layers within the material. Material variations and flaws are then identified by
changes in the amplitudes and positions of the peaks in both the frequency and resonance spacing domains. This work,
conducted under a grant through the Cleveland State University, extends the capabilities of an existing point-by-point
ultrasonic spectroscopy system, thus allowing full-field automated inspection. Results of an ultrasonic spectroscopy scan of
a plastic cylinder with intentionally seeded flaws. The result of an ultrasonic spectroscopy scan of a plastic cylinder used as
a proof-of-concept specimen is shown. The cylinder contains a number of flat bottomed holes of various sizes and shapes. The
scanning system was able to successfully detect all the defects in the material. Ultrasonic spectroscopy results for a second
specimen are shown along with a conventional ultrasonic C-scan. The second specimen is a section of a flywheel
subcomponent that has a series of drilled holes and notches. This specimen is employed as a defect detection standard to
evaluate the various nondestructive evaluation methods under consideration. Scanning results demonstrate the ability of the
system to detect flaws on the order of 10 mils in the radial direction and 5 mils in the circumferential direction. Work
conducted to date has shown that scanning ultrasonic spectroscopy is a viable tool for the inspection of composite flywheel
systems. Ongoing development work is focused on refining the system and scanning parameters for improved resolution and
defect detection.
Author
Flywheels; Mechanical Properties; Scanners; Ultrasonic Spectroscopy;, Composite Materials

20050203860 NASA Glenn Research Center, Cleveland, OH, USA

Foreign Object Damage Resistance of Uncoated and EBC Coated SiC/SiC Composites

Bhatt, R. T.; Choi, S. R.; Cosgriff, L. M.; Fox, D.; Lee, K. N.; [2004]; 1 pp.; In English; The HTCMC-5 Conference, 12-15
Sep. 2004, Seattle, WA, USA; No Copyright; Avail: Other Sources; Abstract Only
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SiC/SiC composites fabricated by the melt infiltration method are candidate materials for the turbine components such as
combustor liners, nozzle vanes and blades because of their high temperature strength, and thermal conductivity. To avoid
surface recession in a combustion environment containing moisture, these materials also require an environmental barrier
coating (EBC). Under thermal loading condition alone, the EBC coated SiC/SiC components show microstructural and
strength stability after -1 5000 hr exposure to 12000C in combustion environment. However, the stability of SiC/SiC
composites under impact conditions is not fully understood. In this study, both uncoated and EBC coated SiC/SiC composite
specimens were impact tested by steel-ball projectiles at room temperature and at 1300 C in air. After impact, the specimens
were analyzed under a scanning electron microscope to assess coating damage, and then tensile and bend tested at room
temperature to determine their residual strength. The extent of coating and substrate damage with increasing projectile velocity
was imaged and analyzed using nondestructive evaluation (NDE) methods such as micro focus x-ray radiography,
tomography, and thermal wave imaging. The mechanical property results of impacted specimens are correlated with the NDE
results and the scanning electron microscopy (SEM) observations. Influence of projectile velocity on impact damage of the
coating/substrate, and the implication coating damage on durability of the composite will be discussed.

Author
Substrates;, Composite Materials; Silicon Carbides; Infiltration, Vanes; Turbines, Thermal Conductivity, Protective Coatings

20050203884 NASA Glenn Research Center, Cleveland, OH, USA
MAC/GMC Code Enhanced for Coupled Electromagnetothermoelastic Analysis of Smart Composites
Bednarcyk, Brett A.; Arnold, Steven M.; Aboudi, Jacob; Research and Technology 2001; March 2002; 5 pp.; In English; No
Copyright; Avail: CASI; AO1, Hardcopy

Intelligent materials are those that exhibit coupling between their electromagnetic response and their thermomechanical
response. This coupling allows smart materials to react mechanically (e.g., an induced displacement) to applied electrical or
magnetic fields (for instance). These materials find many important applications in sensors, actuators, and transducers.
Recently interest has arisen in the development of smart composites that are formed via the combination of two or more
phases, one or more of which is a smart material. To design with and utilize smart composites, designers need theories that
predict the coupled smart behavior of these materials from the electromagnetothermoelastic properties of the individual
phases. The micromechanics model known as the generalized method of cells (GMC) has recently been extended to provide
this important capability. This coupled electromagnetothermoelastic theory has recently been incorporated within NASA
Glenn Research Center’s Micromechanics Analysis Code with Generalized Method of Cells (MAC/GMC). This software
package is user friendly and has many additional features that render it useful as a design and analysis tool for composite
materials in general, and with its new capabilities, for smart composites as well.
Derived from text
Applications Programs (Computers); Composite Materials; Design Analysis; Electric Fields; Magnetic Fields

20050203891 NASA Glenn Research Center, Cleveland, OH, USA
Advanced SiC/SiC Ceramic Composites For Gas-Turbine Engine Components
Yun, H. M.; DiCarlo, J. A.; Easler, T. E.; September 06, 2004; 1 pp.; In English; ASME Turbo Expo 2005, 6-9 Jun. 2005,
Reno-Tahoe, NV, USA; No Copyright; Avail: CASI; AO1, Hardcopy

NASA Glenn Research Center (GRC) is developing a variety of advanced SiC/SiC ceramic composite (ASC) systems that
allow these materials to operate for hundreds of hours under stress in air at temperatures approaching 2700 F. These SiC/SiC
composite systems are lightweight (approximately 30% metal density) and, in comparison to monolithic ceramics and carbon
fiber-reinforced ceramic composites, are able to reliably retain their structural properties for long times under aggressive
gas-turbine engine environments. The key for the ASC systems is related first to the NASA development of the Sylramic-iBN
Sic fiber, which displays higher thermal stability than any other SiC- based ceramic fibers and possesses an in-situ grown BN
surface layer for higher environmental durability. This fiber is simply derived from Sylramic Sic fiber type that is currently
produced at ATK COI Ceramics (COIC). Further capability is then derived by using chemical vapor infiltration (CVI) and/or
polymer infiltration and pyrolysis (PIP) to form a Sic-based matrix with high creep and rupture resistance as well as high
thermal conductivity. The objectives of this study were (1) to optimize the constituents and processing parameters for a
Sylramic-iBN fiber reinforced ceramic composite system in which the Sic-based matrix is formed at COIC almost entirely by
PIP (full PIP approach), (2) to evaluate the properties of this system in comparison to other 2700 F Sylramic-iBN systems in
which the matrix is formed by full CVI and CVI + PIP, and (3) to examine the pros and cons of the full PIP approach for
fabricating hot-section engine components. A key goal is the development of a composite system with low porosity, thereby
providing high modulus, high matrix cracking strength, high interlaminar strength, and high thermal conductivity, a major
property requirement for engine components that will experience high thermal gradients during service. Other key composite
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property goals are demonstration at high temperatures of high environmental resistance and high creep resistance, which in
turn will result in long component life. Data are presented from a variety of laboratory tests on simple two-dimensional panels
that examine these properties and compare the performance of the optimized full PIP system with those of the full CVI and
CVI + PIP hybrid systems. Underlying mechanisms for performance differences in the various systems are discussed.
Remaining issues for further property enhancement and for application of the full PIP approach for engine components are
also discussed, as well as on-going approaches at NASA to solve these issues.

Author

Ceramics; Gas Turbine Engines; Silicon Carbides; Composite Materials; Fabrication

20050203980 NASA Marshall Space Flight Center, Huntsville, AL, USA
Film Delivery Module For Fiber Placement Fabrication of Hybridized Composite Structures
Hulcher, Anthony Bruce; Young, Greg; [2005]; 1 pp.; In English; Society for Advancement of Materials and Process
Engineering International Symposium and Exhibition, 1-5 May 2005, Long Beach, CA, USA; Copyright; Avail: Other
Sources; Abstract Only

A new fabrication technology has been developed at the NASA Marshall Space Flight Center that will allow for the
fabrication of hybridized composite structures using fiber placement processing. This technology was originally developed in
response to a need to address the issue of hydrogen permeation and microcracking in cryogenic propellant tanks. Numerous
thin polymeric and metallized films were investigated under low temperatures conditions for use as barrier films in a composite
tank. Manufacturing studies conducted at that time did not address the processing issues related to fabrication of a hybridized
tank wall. A film processing head was developed that will allow for the processing of thin polymeric and metallized films,
metallic foils, and adhesives using fiber placement processing machinery. The film head is designed to enable the simultaneous
processing of film materials and composite tape/tow during the composite part layup process and is also capable of processing
the film during an independent operation. Several initial demonstrations were conducted to assess the performance of the film
module device. Such assessments included film strip lay-up accuracy, capability to fabricate panels having internal film liners,
and fabrication of laminates with embedded film layers.
Author
Composite Structures; Fabrication;, Metal Films;, Modules; Fibers

20050203991 Cleveland State Univ., Cleveland, OH, USA
Current Issues with Environmental Barrier Coatings for Ceramics and Ceramic Composites
Lee, Kang N.; [2004]; 1 pp.; In English; International Symposium on New Frontier of Advanced Si-Based Ceramics and
Composites, 20-23 Jun. 2004, Geyongju, Korea, Republic of
Contract(s)/Grant(s): WBS 22-714-30-17; WBS 22-714-30-23; No Copyright; Avail: Other Sources; Abstract Only

The environmental barrier coating (EBC) for SiC/SiC ceramic matrix composites and Si3N4 ceramics is an emerging field
as the application of silicon-based ceramics in the gas turbine engine hot section is on the horizon, both for aero and industrial
gas turbines. EBC is an enabling technology for silicon-based ceramics because these materials without an EBC cannot be
used in combustion environments due to rapid surface recession. Significant progress in EBC development has been made
during the last decade through various government-sponsored programs. Current EBCs are based on silicon, mullite
(3AI1203-2S102) and BSAS (barium strontium aluminum silicate with celsian structure). Volatility of BSAS, BSAS-silica
chemical reaction, and low melting point of silicon limit temperature capability of current EBCs to about 1350 C for long-term
applications. There is a need for higher temperature EBCs as the temperature capability of silicon-based ceramics continue
to increase. Therefore, research is underway to develop EBCs with improved temperature capability compared to current
EBCs. The current status and issues with the advanced EBC development efforts will be discussed.
Author
Ceramic Matrix Composites; Coatings, Protective Coatings; Silicon Carbides
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20050199715 Ohio Aerospace Inst., OH, USA
Synthesis Characterization and Decomposition Studies of tris[N-N-dibenzyidithocarbaso)Indium (III) Chemical Spray
Deposition of Polycrystalline CulnS2 on Copper Films
Hehemann, David G.; Lau, J. Eva; Harris, Jerry D.; Hoops, Michael D.; Duffy, Norman V.; [2005]; 9 pp.; In English
Contract(s)/Grant(s): 22-319-20-A1; No Copyright; Avail: CASI; A02, Hardcopy

This paper presents the results of the synthesis characterization and decomposition studies of tris[N-N-
dibenzyidithocarbaso)Indium (IIT) with chemical spray deposition of polycrystalline CulnS2 on Copper Films.
CASI
Synthesis (Chemistry); Decomposition; Polycrystals; Copper Sulfides; Indium Sulfides; Metal Films; Deposition

20050200927 Edgewood Chemical Biological Center, Aberdeen Proving Ground, MD USA
Decay of Particle Concentration as a Function of Rotation Rate in a Rotating Drum Chamber
Sutton, Tiffany; Apr. 2005; 21 pp.; In English
Contract(s)/Grant(s): Proj-ACB2
Report No.(s): AD-A435579; ECBC-TR-436; No Copyright; Avail: CASI; A03, Hardcopy

Rotating drum chambers are used to keep aerosol particles suspended for an extended period of time to study aging
effects. The drums are designed to rotate on a horizontal axis, using centrifugal force to counteract the effects of gravity on
small particles. Theoretically, there are different rotation rates for different particle sizes that optimize suspension time. Several
different methods have been used to calculate the optimal rotation rates with varying results. This report will compare these
mathematical models to experimental results.
DTIC
Aerosols; Particle Decay, Rotation

20050200988 Michigan Technological Univ., Houghton, MI USA
Modeling of Nanotube-Reinforced Polymer Composites
Gao, Xin-Lin; Jan. 2003; 8 pp.; In English
Contract(s)/Grant(s): F49620-03-1-0442
Report No.(s): AD-A435697; MTU-PROPOSAL-030916; AFRL-SR-AR-TR-05-0293; No Copyright; Avail: CASI; A02,
Hardcopy

Carbon nanotubes have been identified as promising reinforcing materials for high-performance nanocomposites. Reliable
structural applications of carbon nanotube-reinforced composites depend on accurate understanding of their mechanical
behavior. Efforts have been made to characterize the mechanical properties of the said nanocomposites. These studies, being
typically based on experimental measurements or molecular dynamics simulations, tend to be expensive and configuration/
material specific. The use of continuum-based models can mitigate these difficulties and is, therefore, very desirable. Two
continuum-based models were developed in the course of this project, one for predicting effective elastic properties of and the
other for describing interfacial load transfer in carbon nanotube- reinforced polymer composites.
DTIC
Carbon Nanotubes; Composite Materials, Nanotubes; Polymers, Reinforcing Materials

20050201023 Edgewood Chemical Biological Center, Aberdeen Proving Ground, MD USA
Potential Usage of Aqueous Alum for Decomposition of Chemical Warfare Agents Part 1: Reactions with V- and
G-Type Agents
Williams, Daniel J.; Bevilacqua, Vicky L.; Creasy, William R.; McGarvey, David J.; Rice, Jeffrey S.; Brevett, Carol A.; De
Leon, Christopher L.; Maguire, Kelly J.; Sanders, Melanie J.; Durst, H.; Feb. 2005; 23 pp.; In English
Contract(s)/Grant(s): DAAD13-03-D0017
Report No.(s): AD-A435764; ECBC-TR-431; No Copyright; Avail: CASI; A03, Hardcopy

The objective of this research is to hydrolyze and precipitate G- and V-type CW agents using aluminum sulfate (alum)
and/or alum buffer solutions. Soman (GD), O-ethyl-S-2-(DIISOPROPYLAMINO)ETHYL methylphosphonothiolate (VX),
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and agent simulants were treated with either aqueous alum, sodium aluminate, or mixtures of the two. Reactions were tracked
using 31P nuclear magnetic resonance and gas chromatography/mass spectrometry (GC/MS). A basic alum buffer at pH 12.0
and an acidic alum buffer at pH 3.6 were used for most of the studies. VX was unaffected by the acidic buffer, but GD was
eliminated from the aqueous acidic buffer within 18 hr, with nearly 50% removed within the first 10 min. Gas
chromatography/mass spectrometry confirmed that, after 24 hr, a chloroform extract of the precipitate formed in this reaction
contained \h4 +/- 1% of the original GD.

DTIC

Alum; Chemical Warfare; Decomposition

20050201030 Akron Univ., Akron, OH USA
Nanofiber Production by Gas Jet Spinning Method of Chemical Protective Clothing
Reneker, Darrell; Jan. 2003; 13 pp.; In English; Original contains color illustrations
Contract(s)/Grant(s): DAAD19-03-1-0010
Report No.(s): AD-A435774; No Copyright; Avail: CASI; A03, Hardcopy

The practical usefulness of carbon nanofibers depends on an economical process for creating the fibers. A process
described in US Patent No 6,382,526 B1, referred to as the nanofiber by gas jet process, or briefly NGJ process was used to
produce nanofibers from mesophase pitch, which were subsequently stabilized and carbonized to carbon fibers. The process
produces nanofibers at such a high rate that it was necessary to move it out of a laboratory. Larger equipment and more space
were acquired. Samples prepared were successfully stabilized and carbonized. Approximately 125 grams of carbonized
nanofibers were sent to Dr. Heidi Schreuder-Gibson at the Army Natick Laboratory. As of this date the large scale machinery,
consisting of an extruder, a large filter box, an air compressor, and an oven suitable for stabilizing the pitch fibers are together
in one place, and ready to be put into operation. The NGJ apparatus continues to promise high productivity of carbon fibers
with diameters around one micron, but further progress toward continuous high rate production was stalled by inadequate
operating resources.
DTIC
Carbon Fibers; Gas Jets;, Melt Spinning; Protective Clothing

20050201043 Uniformed Services Univ. of the Health Sciences, Bethesda, MD USA
Chemical Vapor Identification Using Field-Based Attenuated Total Reflectance Fourier Transform Infrared Detection
and Solid Phase Microextraction
Bryant, Chet K.; LaPuma, Peter T.; Jan. 2005; 111 pp.; In English
Report No.(s): AD-A435792; CI04-1133; No Copyright; Avail: CASI; A06, Hardcopy

Attenuated total reflectance Fourier transform infrared (ATh-FTIR) technology is used to identify chemicals in a liquid
or solid phase but not in a vapor phase. This research identified vapor phase chemicals using a field-portable ATR-FTIR
spectrometer combined with a solid phase microextraction (SPME) film. Two nerve agent simulants, diisopropyl
methylphosphonate (DIMP) and dimethyl methyiphosphonate ?DMMP), and three polycarbosiloxane polymers were
evaluated using a TravellR(exp TM) ATR-FTIR instrument. A SPME film was adhered to the TravellR(exp TM) sampling
interface to extract and concentrate vapors to be identified by the TravellR(exp TM). The lowest air concentration identified
was 50 ppb DIMP and 250 ppb DMMP. A remote sampling technique where SPME films were exposed to vapors and then
transferred to the TravellR(exp TM) was only able to identify DMMP down to 10 ppm. This research demonstrates it is
feasible to use ATR- FTIR to detect vapor phase chemicals when combined with SPME film concentration techniques.
DTIC
Chemical Analysis; Fourier Transformation; Infrared Detectors, Infrared Radiation; Infrared Spectra; Reflectance; Solid
Phases; Vapors

20050201049 Uniformed Services Univ. of the Health Sciences, Bethesda, MD USA
Hapsite Gas Chromatography - Mass Spectrometry with Solid Phase Microextraction
Kan, Waikwong; Hook, Gary L.; Jul. 2005; 51 pp.; In English
Report No.(s): AD-A435802; CI04-1138; No Copyright; Avail: CASI; A04, Hardcopy

Rapid air sampling can be accomplished with solid phase microextraction (SPME) to avoid the difficulties of pumps and
wet chemistry. Gas chromatography with mass spectrometry (GC/MS) is the gold standard for identifying volatile and semi
volatile chemicals. Combining SPME with a portable HAPSITE GC/MS may allow rapid chemical identification outside of
a laboratory. Six chemicals at six concentrations were tested using four sample introduction methods. The four methods
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included the HAPSITE loop, the HAPSITE with tri-bed concentrator, the HAPSITE with SPME and a field portable GC/MS
with SPME. The SPME fiber used was Polydimethylsiloxane (PDMS). The HAPSITE with tri-bed concentrator achieved the
lowest detection limits. The HAPSITE and the field portable GC/MS instrument coupled with SPME had similar variability.
The relative standard deviation for these instruments was under 25% for most chemicals with concentrations between 1-10
ppm.

DTIC

Chemical Analysis; Gas Chromatography; Mass Spectroscopy, Solid Phases

20050201062 Fluorochem, Inc., Azusa, CA USA
All-Nitrogen Compounds as High Energy Density Materials
Baum, Kurt; Willer, Rodney L.; Bottaro, Jeffrey; Petrie, Mark; Penwell, Paul; Dodge, Allen; Malhotra, Ripu; Jul. 2005; 6 pp.;
In English
Contract(s)/Grant(s): FA9550-04-C-0119
Report No.(s): AD-A435833; AFRL-SR-AR-TR-05-0305; No Copyright; Avail: CASI; A02, Hardcopy

There is a continuing need for safe, versatile rocket propellants, which are stable, nonvolatile, energetic, and easily
demilitarized. Ionic liquids constitute a research area that is little explored for propellant ingredients and provides potential
to meet these requirements. Enhanced dissolving power, density and compatibilities with a wide range of propellant
ingredients make ionic liquids a very attractive class of materials for advanced state-of-the-art propulsion systems. The
extreme polarity of these unique liquid media opens the door to novel burn-rate and ballistic attenuation technologies. The
objective of this Phase I SBIR program is to canvass and select the most promising candidates for development of energetic
ionic liquid and other high-nitrogen energetic ingredients.
DTIC
Liquids; Nitrogen Compounds; Rocket Propellants

20050201081 Utah Univ., Salt Lake City, UT USA
CHSSI: Scalable Software for Bridging Atomistic and Continuum Simulations
Voth, Gregory A.; Jul. 2005; 7 pp.; In English
Contract(s)/Grant(s): F49620-02-1-0190
Report No.(s): AD-A435867; AFRL-SR-AR-TR-05-0306; No Copyright; Avail: CASI; A02, Hardcopy
A highly parallel simulation software capable of modeling complex systems at the mesoscale was developed and tested.
The scaling of the simulation computer code, called TANTALUS, was found to be excellent, due to the novel spatial
decomposition algorithm that was developed. TANTALUS was employed to examine a number of complex systems as
demonstration projects.
DTIC
Computer Programs; Continuums; Simulation; Solids; Viscosity

20050201097 Edgewood Chemical Biological Center, Aberdeen Proving Ground, MD USA

Chemical Characterization of the Pyrotechnically Disseminated XM30 Main Gun Signature Simulator

Anthony, J. S.; Haley, Mark V.; Thomson, Sandra A.; Crouse, Charles L.; Jan. 2002; 21 pp.; In English; Original contains
color illustrations

Report No.(s): AD-A435915; No Copyright; Avail: Defense Technical Information Center (DTIC)

Development of the Multiple Integrated Laser Engagement System (MILES) 2000 device has been selected as the
replacement to the currently used Hoffman systems. On the M1 or M60 tanks, a laser is activated to simulate firing of the main
gun, which triggers a signal to the Main Gun Signature Simulator (MGSS) to activate the XM30 simulator. The XM30
simulator was designed to produce a flash and bang so the tank crew will receive a visual as well as an audible confirmation
of the firing. The purpose of this study was to pyrotechnically disseminate the XM30 simulators in a controlled chamber
environment and to maintain a specified concentration range for chemical characterization of the combustion products. Data
was needed prior to material release and for incorporation into the item s Life Cycle Environmental Assessment (LCEA).
Characterization was to principally include compounds of toxicological significance such as benzene, formaldehyde and
carbon monoxide, but detection of other volatile organic compounds, inorganic metals, and particle size analysis were also
performed. The inorganic gases NOx and SOx were not analyzed for because previous data had already shown their
concentrations to be far below their TLV-TWA’s. A detailed mass balance was also well outside the scope of this study. For
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it’s current use in combat training exercises, this study provides evidence that the combustion products produced by firing of
the XM30 simulator are of a safe and non-toxic nature.

DTIC

Guns (Ordnance); Pyrotechnics; Signatures, Simulators; Toxicology

20050201099 Johns Hopkins Univ., Baltimore, MD USA
Nonadiabatic Processes Relevant to HEDMS and Atmospheric Chemistry
Yarkony, David R.; May 2005; 16 pp.; In English
Contract(s)/Grant(s): F49620-02-1-0289
Report No.(s): AD-A435918; AFRL-SR-AR-TR-05-0295; No Copyright; Avail: CASI; A03, Hardcopy

There are three particularly notable aspects to this AFOSR sponsored work. The work with most enduring impact is our
study on the polynitrogen molecules, (CH)nN5-n n=1,2,3,4. We found that these molecules have complicated photoelectron
spectra owing to the existence of low-lying conical intersections or three-states with little or no symmetry. Further, this study
identified a whole class of doublet radicals that are expected to exhibit low-lying three-state conical intersections. In the past,
three-state intersections had been virtually ignored as too rare to be of consequence. Thus, these findings require a re-thinking
of both the prevalence of three-state conical intersections and the electronic structure of a commonly occurring class of
reactive chemical species. Secondly, we have made the electronic structure tools we have developed to locate and analyze two-
and three-state conical intersections freely available to the general scientific community through the COLUMBUS suite of
electronic structure codes. These extremely efficient multi-reference configuration- interaction-based codes are currently being
maintained and extended through the combined efforts of Lischka (Vienna) and Sheppard (Argone). Finally, there is our
theoretical determination of the absorption cross section for the alpha-beta transitions in O2 and NCI. We are to perform these
highly accurate theoretical calculations, which are relevant to the energy transfer iodine laser systems, in a timely manner
because of our participation in the AFOSR theoretical chemistry program.
DTIC
Atmospheric Chemistry; Chemical Lasers; Computational Chemistry, Energy Transfer; Heat Transfer; Radicals

20050201103 Triosyn Corp., Burlington, VT USA

An Effective CB Material from Combined Components of Triosyn(Trademark) Resin and Surface Enhanced Carbon
Di Ionno, Lucy; St-Louis, Jean-Pierre; Bourget, Stephane; Messier, Pierre J.; Jan. 2002; 12 pp.; In English

Report No.(s): AD-A435923; No Copyright; Avail: Defense Technical Information Center (DTIC)

The tremendous concern over the threat of biological and chemical warfare agents has necessitated the research and
development of greatly improved methods for the absorption and catalytic destruction of these toxic contaminants. With the
use of proven biocidal efficiency of the Triosyn(Trademark) iodine resin and carbon based new materials, the research
objective is to produce a barrier possessing the dual properties of decontaminating both chemical warfare and biological
agents. Vapor testing performed allowed for the down selection of prototypes; POX3/1/0/A, OX5H/C, and OXS5H/D which
displayed excellent absorption capacity, microbiological reduction rates greater than 99.9% against MS2 phage, and displayed
non-toxic threshold limit values.

DTIC
Biological Weapons; Carbon; Chemical Warfare; Resins

20050201104 Science and Technology Corp., Hampton, VA USA

Quantification of Lewisite in Air by Liquid Chromatography Mass Spectrometry (LC/MS)
Ercanbrack, Wesley; Sheffield, Sherry; Freudenberger, Steve; Jenkins, Aaron; Jan. 2002; 9 pp.; In English
Report No.(s): AD-A435925; No Copyright; Avail: Defense Technical Information Center (DTIC)

It has been determined that lewisite will hydrolyze and oxidize under ambient conditions to form chlorovinyl arsonic acid
(CVRA) which is an As+5 compound. Most published methods for the analysis of lewisite require the derivatization of
lewisite with a dithiol compound to produce a compound that can be analyzed using a gas chromatograph. The derivatization
methods generally have poor reproducibility and precision which is due to the fact that the CVRA compound will not be
derivatized by the dithiol compound. The authors have established an air monitoring method that will account for both lewisite
and CVRA sampled from the air during various sampling periods. Both lewisite and CVRA are extracted off a solid sorbent
tube and analyzed by liquid chromatography/mass spectrometry.

DTIC
Air Masses; Gas Chromatography, Liquid Chromatography; Mass Spectroscopy
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20050201106 General Accounting Office, Washington, DC USA

DOD Operational Ranges: More Reliable Cleanup Cost Estimates and a Proactive Approach to Identifying
Contamination Are Needed

May 2004; 55 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435939; GAO-04-601; No Copyright; Avail: Defense Technical Information Center (DTIC)

For decades, the Department of Defense (DOD) has tested and fired munitions on millions of acres of operational ranges.
These munitions contain various constituents such as lead, trinitrotoluene (TNT), and ammonium perchlorate salt (perchlorate)
that are, in some instances, known or suspected of causing health effects such as damage to the central and peripheral nervous
systems, cancer, and interfering with thyroid function. Concerns about the potential cost to clean up munitions prompted
Congress to require that DOD develop an estimate for what it would cost to clean up its operational ranges. The National
Defense Authorization Act for Fiscal Year 2002 required DOD to provide (1) a comprehensive assessment of unexploded
ordnance, discarded military munitions, and munitions constituents at current and former DOD facilities; and (2) an estimate
of the aggregate projected cost of remediation (cleanup) at operational ranges, 1 stated as a range of costs, including a low and
high estimate. As of April 2003, DOD identified 10,444 operational ranges located in the USA and its territories, with Army
operational ranges accounting for 94 percent of the total. DOD estimated it would cost between $16 billion and $165 billion
to clean up unexploded ordnance, discarded military munitions, and munitions constituents on these operational ranges.
constituents on these operational ranges.

DTIC
Ammonium Perchlorates; Cleaning; Contamination; Cost Estimates, Identifying; Public Health

20050201126 Edgewood Chemical Biological Center, Aberdeen Proving Ground, MD USA

Room Temperature Mineralization of Chemical Warfare Agents Using Hydrogen Peroxide - Pd/C
Wagner, George W.; Procell, Lawrence R.; Yang, Yu-Chu; Jan. 2002; 6 pp.; In English

Report No.(s): AD-A435998; No Copyright; Avail: Defense Technical Information Center (DTIC)

The deep oxidation of toxic organics and chemical warfare (CW) agent simulants using Pd/C and dioxygen or hydrogen
peroxide at 80-90 deg C was recently demonstrated by Sen et al.1 This process offers a chemical means of destroying CW
materials in a manner traditionally achievable only by incineration. Our investigations of the common simulant dimethyl
methylphosponate (DMMP) have shown mineralization to inorganic phosphate using H202 Pd/C at 90 C. Oxidative cleavage
of DMMP to methylphosphonic acid is most effective at room temperature, apparently due to reduced H202 decomposition.
Similarly, GD and VX also showed oxidative cleavage at room temperature, and formation of inorganic phosphate. For HD
and its simulant thiodiglycol, mineralization is also evident at room temperature.

DTIC
Chemical Warfare; Hydrogen Peroxide; Room Temperature

20050201128 California Univ., Santa Barbara, CA USA

Molybdate/Peroxide Oxidation of Mustard in Microemulsions

Procell, Lawrence R.; Wagner, George W.; Yang, Yu-Chu; Bunton, Clifford A.; Jan. 2002; 5 pp.; In English
Report No.(s): AD-A436000; No Copyright; Avail: Defense Technical Information Center (DTIC)

Environmentally friendly and non-corrosive methods to decontaminate the blister agent mustard (HD), bis(2-chloroethyl)
sulfide, are currently being developed. HD may be rendered non-vesicant by oxidation to the corresponding sulfoxide. Results
will be presented for the use of the mildly-basic molybdate/ peroxide oxidant system to achieve this transformation. Reactions
are performed in microemulsions to enable the dissolution of oily, water-isoluble mustard.

DTIC
Emulsions;, Molybdates, Oxidation; Peroxides

20050201598 Lund Univ., Sweden
Reduction of Ammonia and Tar in Pressurized Biomass Gasification
Wang, W.; Olofsson, G.; January 2005; 16 pp.; In English
Report No.(s): DE2005-836332; No Copyright; Avail: Department of Energy Information Bridge

The present paper intended to present the results of parametric study of the formation of ammonia and tar under
pressurized gasification conditions. By the use of multivariate data analysis, the effects of operating parameters were
determined and their influences could be quantified. In order to deal with cases in which high levels of ammonia and tar were
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produced, study of catalytic hot gas cleaning was performed, aiming to discuss the removal efficiency and test catalysts.
NTIS

Ammonia; Biomass, Cleaning; Gasification;, High Temperature Gases; Tars

20050201931 Naval Research Lab., Washington, DC, USA
Metal Ion Analysis Using Near-Infrared Dyes and the ‘Laboratory-on-a-Chip’. (Report for September 15, 1998-
September 15, 2001)
Collins, G. E.; Sep. 2001; 20 pp.; In English
Report No.(s): DE2005-832998; No Copyright; Avail: Department of Energy Information Bridge

The purpose of this project was to establish the groundwork for developing a portable, toxic metal ion sensor capable of
sensitively and rapidly detecting trace levels of hazardous waste metal ions contaminating building materials evident at DOE
waste sites. By enabling selective metal ion analysis in the field, timely decisions with regards to the proper choice of
remediation tools to be applied in a given activity, accurate sorting of contaminated and noncontaminated materials, and the
immediated determination of the success or failure of a given clean up effort can be assessed directly, in real time. Such a
sensor would enable savings in time and money, while additionally minimizing exposure, benefiting health criteria.
NTIS
Chips; Dyes; Metal lons

20050201969 Lawrence Livermore National Lab., Livermore, CA USA

Silica Scale Inhibition: Effect of Organic Additives on Polymerization

Leif, R.; Bour cier, W.; Bruton, C.; Sep. 22, 2005; 16 pp.; In English

Report No.(s): DE2005-15013195; UCRL-JC-140621; No Copyright; Avail: Department of Energy Information Bridge
The problem of silica scale formation is common in geothermal power production facilities worldwide. Factors such as

variable fluid compositions, different plant operating conditions, and the complex nature of silica polymerization reactions

contribute to make scale inhibition a difficult problem. Scale forms by molecular and particle (colloid) deposition. Colloids

are produced by polymerization of aqueous silica. One approach to controlling silica scale is to use water-soluble organic

polymers that inhibit or delay the onset of polymerization. Laboratory batch experiments are being performed to test the ability

of commercially available antiscalants to extend the length of the induction period during silica polymerization. The induction

period should be long enough to allow the brine to pass through the surfkce and reinjection facilities before colloid deposition

occurs. Potential antiscalants will then be tested under field conditions at a geothermal power plant.

NTIS

Additives; Polymerization; Scale Effect; Silicon Dioxide

20050201995 Lawrence Livermore National Lab., Livermore, CA USA

Mechanical Properties and Corrosion Characteristics of Thermally Aged Alloy 22

Rebak, R. B.; Crook, P.; May 30, 2002; 18 pp.; In English

Report No.(s): DE2005-15013566; UCRL-JC-148653; No Copyright; Avail: Department of Energy Information Bridge
Alloy 22 (UNS N06022) is a candidate material for the external wall of the high level nuclear waste containers for the

potential repository site at Yucca Mountain. In the mill-annealed (MA) condition, Alloy 22 is a single face centered cubic

phase. When exposed to temperatures on the order of 600 deg. C and above for times higher than 1 h, this alloy may develop

secondary phases that reduce its mechanical toughness and corrosion resistance. The objective of this work was to age Alloy

22 at temperatures between 482 deg. C and 760 deg. C for times between 0.25 h and 6,000 h and to study the mechanical and

corrosion performance of the resulting material. Aging was carried out using wrought specimens as well as gas tungsten arc

welded (GTAW) specimens. Mechanical and corrosion testing was carried out using ASTM standards. Results show-that the

higher the aging temperature and the longer the aging time, the lower the impact toughness of the aged material and the lower

its corrosion resistance. However, extrapolating both mechanical and corrosion laboratory data predicts that Alloy 22 will

remain corrosion resistant and mechanically robust for the projected lifetime of the waste container.

NTIS

Aging (Materials);, Corrosion; Corrosion Resistance; Mechanical Properties, Radioactive Wastes; Temperature Effects

20050202002 Lawrence Livermore National Lab., Livermore, CA USA

Electrochemical Behavior of Alloy 22 IN SM CaCl2

Ilevbare, G. O.; May 30, 2002; 26 pp.; In English

Report No.(s): DE2005-15013492; UCRL-JC-148598; No Copyright; Avail: Department of Energy Information Bridge
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This work is in support of the design and construction of the potential geological nuclear waste repository in Yucca
Mountain Nevada. Therefore, the environmental considerations of importance are those pertaining to the design and
construction of high-level radioactive waste packages for the Yucca Mountain Project (YMP). The design of the waste package
as stipulated in the License Design Selection Report, calls for a double walled canister. The proposed material for the outer
barrier of the waste package is Alloy 22 (Unified Numbering System (UNS) N06022), the corrosion resistant material (CRM).
Alloy 22 is expected to provide a reasonable level of ‘kinetic’ immunity from general and localized corrosion for the waste
packages under the prevailing environmental condition in Yucca Mountain. Kinetic immunity would ensure a low rate of
passive dissolution, and negligible chance of generating damaging pits or crevices. The proposed material for the inner barrier
of the waste package is stainless steel 316. The primary role of this layer is structural reinforcement.

NTIS
Corrosion Resistance; Radioactive Wastes,; Nickel Alloys

26
METALS AND METALLIC MATERIALS

Includes physical, chemical, and mechanical properties of metals and metallic materials; and metallurgy.

20050199666 Oak Ridge National Lab., TN USA
Use of Electrochemical Noise to Assess Corrosion in Kraft Continuous Digesters
Pawel, S. J.; Aug. 2004; 46 pp.; In English
Report No.(s): DE2005-838102; No Copyright; Avail: Department of Energy Information Bridge

Electrochemical noise (EN) probes were deployed in two continuous kraft digesters at a variety of locations representative
of corrosion throughout the vessels. Current and potential noise, the temperature at each probe location, and the value of up
to 60 process parameters (flow rates, liquor chemistry, etc.) were monitored continuously during each experiment. The results
indicate that changes in furnish composition and process upsets were invariably associated with concurrent substantial changes
in EN activity throughout the vessels. Post-test evaluation of the mild steel electrode materials in both vessels confirmed
general corrosion of a magnitude consistent with historical trends in the respective vessels as well as values qualitatively (and
semi-quantitatively) related to EN current sums for each electrode pair. Stainless steel electrodes representing 309LSi and 312
overlay repairs exhibited zero wastage corrosion--as did the actual overlays--but the EN data indicated periodic redox activity
on the stainless steel that varied with time and position within the vessel. Little or no correlation between EN probe activity
and other operational variables was observed in either vessel. Additional details for each digester experiment are summarized.
NTIS

Carbon Steels; Electrochemical Corrosion; Electrodes; Stainless Steels

20050199750 NASA Glenn Research Center, Cleveland, OH, USA
Techniques Optimized for Reducing Instabilities in Advanced Nickel-Base Superalloys for Turbine Blades
MacKay, Rebecca A.; Locci, Ivan E.; Garg, anita; Ritzert, Frank J.; Research and Technology 2001; March 2002; 4 pp.; In
English; No Copyright; Avail: CASI; AO1, Hardcopy

The High-Speed Research (HSR) Airfoil Alloy program developed fourth-generation single-crystal superalloys with up
to an 85 F increase in creep rupture capability over current production airfoil alloys. Recent results have been generated at
the NASA Glenn Research Center on these fourth-generation alloys, but in coated form, for subsonic turbine blade
applications under NASA’s Ultra-Efficient Engine Technology (UEET) Program. One goal for UEET is to optimize the airfoil
alloy/thermal barrier coating system for 3100 F turbine inlet temperatures. The state-of-the art turbine blade airfoil system
consists of a superalloy single crystal that provides the basic mechanical performance of the airfoil. A thermal barrier coating
is used to reduce the temperature of the base superalloy, and a bondcoat is deposited between the base material and the thermal
barrier coating. The bondcoat improves the oxidation and corrosion resistance of the base superalloy and improves the
spallation resistance of the thermal barrier coating. A commercial platinum aluminide bondcoat was applied to the
HSR-developed alloys, and a diffusion zone developed as a result of interaction between the bondcoat and the superalloy.
Optimized strength is obtained for superalloys when the refractory element content is high and the limits of microstructural
stability are approached or exceeded slightly. For fourthgeneration alloys, instability leads to the formation of topologically
close packed (TCP) phases, which form internally in the superalloy, and a secondary reaction zone (SRZ), which forms under
the diffusion zone. There was a concern that excessive quantities of either TCP or SRZ might decrease the mechanical
properties of the superalloy, with SRZ thought to be particularly detrimental and its formation unpredictable. Thus, an
SRZreduction effort was initiated in the NASA UEET Program so that methods developed during the HSR project could be
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optimized further to reduce or eliminate the SRZ. An SRZ is a three-phase constituent composed of TCP and stringers of
gamma phase in a matrix of gamma prime. An incoherent grain boundary separates the SRZ from the gammagamma prime
microstructure of the superalloy. The SRZ is believed to form as a result of local chemistry changes in the superalloy due to
the application of the diffusion aluminide bondcoat. Locally high surface stresses also appear to promote the formation of the
SRZ. Thus, techniques that change the local alloy chemistry or reduce surface stresses have been examined for their
effectiveness in reducing SRZ. These SRZ-reduction steps are performed on the test specimen or the turbine blade before the
bondcoat is applied. Stressrelief heat treatments developed at NASA Glenn have been demonstrated to reduce significantly the
amount of SRZ that develops during subsequent high-temperature exposures. Stress-relief heat treatments reduce surface
stresses by recrystallizing a thin surface layer of the superalloy. However, in alloys with very high propensities to form SRZ,
stress relief heat treatments alone do not eliminate SRZ entirely. Thus, techniques that modify the local chemistry under the
bondcoat have been emphasized and optimized successfully at Glenn. One such technique is carburization, which changes the
local chemistry by forming submicron carbides near the surface of the superalloy. Detailed characterizations have
demonstrated that the depth and uniform distribution of these carbides are enhanced when a stress relief treatment and an
appropriate surface preparation are employed in advance of the carburization treatment. Even in alloys that have the propensity
to develop a continuous SRZ layer beneath the diffusion zone, the SRZ has been completely eliminated or reduced to low,
manageable levels when this combination of techniques is utilized. Now that the techniques to mitigate SRZ have been
established at Glenn, TCP phase formation is being emphasized in ongoing work under the UEET Program. The limitsf
stability of the fourth-generation alloys with respect to TCP phase formation are currently being defined along with
high-temperature creep rupture properties. In addition, a regression model is being developed at Glenn for the prediction of
the presence of TCP phase in the microstructure and SRZ under the diffusion zone. The model is based on a
design-of-experiments methodology with emphasis on the potential synergistic effects of alloying elements.

Author

Nickel Alloys; Stability;, Optimization; Turbine Blades; Heat Resistant Alloys; Experiment Design, Mathematical Models

20050199753 NASA Glenn Research Center, Cleveland, OH, USA
Dual Microstructure Heat Treatment of a Nickel-Base Disk Alloy Assessed
Gayda, John; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
Gas turbine engines for future subsonic aircraft will require nickel-base disk alloys that can be used at temperatures in
excess of 1300 F. Smaller turbine engines, with higher rotational speeds, also require disk alloys with high strength. To address
these challenges, NASA funded a series of disk programs in the 1990’s. Under these initiatives, Honeywell and Allison
focused their attention on Alloy 10, a high-strength, nickel-base disk alloy developed by Honeywell for application in the small
turbine engines used in regional jet aircraft. Since tensile, creep, and fatigue properties are strongly influenced by alloy grain
size, the effect of heat treatment on grain size and the attendant properties were studied in detail. It was observed that a fine
grain microstructure offered the best tensile and fatigue properties, whereas a coarse grain microstructure offered the best creep
resistance at high temperatures. Therefore, a disk with a dual microstructure, consisting of a fine-grained bore and a
coarse-grained rim, should have a high potential for optimal performance. Under NASA’s Ultra-Safe Propulsion Project and
Ultra-Efficient Engine Technology (UEET) Program, a disk program was initiated at the NASA Glenn Research Center to
assess the feasibility of using Alloy 10 to produce a dual-microstructure disk. The objectives of this program were twofold.
First, existing dual-microstructure heat treatment (DMHT) technology would be applied and refined as necessary for Alloy 10
to yield the desired grain structure in full-scale forgings appropriate for use in regional gas turbine engines. Second, key
mechanical properties from the bore and rim of a DMHT Alloy 10 disk would be measured and compared with conventional
heat treatments to assess the benefits of DMHT technology. At Wyman Gordon and Honeywell, an active-cooling DMHT
process was used to convert four full-scale Alloy 10 disks to a dual-grain microstructure. The resulting microstructures are
illustrated in the photomicrographs. The fine grain size in the bore can be contrasted with the coarse grain size in the rim.
Testing (at NASA Glenn) of coupons machined from these disks showed that the DMHT approach did indeed produce a
high-strength, fatigue resistant bore and a creep-resistant rim. This combination of properties was previously unobtainable
using conventional heat treatments, which produced disks with a uniform grain size. Future plans are in place to spin test a
DMHT disk under the Ultra Safe Propulsion Project to assess the viability of this technology at the component level. This
testing will include measurements of disk growth at a high temperature as well as the determination of burst speed at an
intermediate temperature.
Author
Gas Turbine Engines; Heat Treatment; Mechanical Properties;, Microstructure; Nickel Alloys
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20050200829 Army Research Lab., Aberdeen Proving Ground, MD USA
Use of Self-Propagating High-Temperature Synthesis Reactions in Refractory Alloy Fabrication
Kecskes, Laszlo J.; Apr. 2005; 25 pp.; In English; Original contains color illustrations
Contract(s)/Grant(s): Proj-1L622105AH84
Report No.(s): AD-A435310; ARL-TR-3465; No Copyright; Avail: CASI; A03, Hardcopy

The titanium carbide (TiC) self-propagating high-temperature synthesis (SHS) reaction was used in a hot-explosive-
consolidation process to fabricate tungsten and molybdenum-based alloy billets. In this method, a Ti+C mixture is reacted to
provide a source of heat for the refractory precursor powders. As the TiC reaction proceeds, the exterior of the alloy sample
heats up rapidly, near or above 2000 deg C, while its interior lags behind, heating up more gradually to 1600 deg C. At the
completion of the TiC reaction, the alloy sample s exterior begins to cool, causing the temperature to equilibrate to an
isothermal condition. At this time, the sample is compacted to high density by the application of an explosively generated
pressure wave. Experiments were conducted to determine the relationship between the geometries of the Ti+C mixture and
the alloy sample. For the Ti+C mixture, a doughnut arrangement was found to provide an optimum heating rate and
temperature profile to the sample. The effects of the relative amount of the SHS material and alloy sample on the duration of
the heating cycle, peak interior temperature, and rate of cooling were studied. The properties of the samples and TiC product
were evaluated by density measurements, scanning electron microscopy, energy-dispersive x-ray spectroscopy, and x-ray
diffraction analysis. The HEC method and the resultant product structures are described.
DTIC
Fabrication; High Temperature; Refractory Metal Alloys; Self Propagation

20050200984 California Inst. of Tech., Pasadena, CA USA

Caltech Center for Structural and Amorphous Metals

Johnson, William L.; Conner, R. D.; May 2005; 114 pp.; In English; Original contains color illustrations

Contract(s)/Grant(s): DAAD019-01-1-0525

Report No.(s): AD-A435685; ARO-42478.65-MS; No Copyright; Avail: Defense Technical Information Center (DTIC)
The report summarizes the results of the university Structural Amorphous Metals Program sponsored by ARO/DARPA.

It discusses laboratory and theoretical developments in discovery and understanding of Bulk Metallic Glasses, and

experiments conducted to characterize the resulting alloys.

DTIC

Amorphous Materials; Metals

20050200992 Northwestern Univ., Evanston, IL USA
Computational Design of Advanced Aeroturbine Materials: Noburnium Cyberalloy
Olson, Gregory B.; Freeman, Arthur J.; Asta, Mark D.; Ghosh, Gautam; Perepezko, John H.; Eberhart, Mark E.; Woodward,
C.; Aug. 2004; 38 pp.; In English
Contract(s)/Grant(s): F49620-01-1-0529
Report No.(s): AD-A435704; AFRL-SR-AR-TR-05-0259; No Copyright; Avail: CASI; A03, Hardcopy

Under the AFOSR-MEANS initiative, an optimal combination of electronic-level first-principles calculations and efficient
experimentation addresses the accelerated design and development of a new class of Nb-based aeroturbine superalloys.
DTIC
Heat Resistant Alloys; Niobium Alloys; Turbines

20050201599 Lawrence Livermore National Lab., Livermore, CA USA

Shear Modeling: Thermoelasticity at High Temperature and PRessure for Tantalum

Orlikowski, D.; Soderlind, P.; Dec. 14, 2004; 10 pp.; In English

Report No.(s): DE2005-15014351; UCRL-PROC-208581; No Copyright; Avail: Department of Energy Information Bridge
For large-scale constitutive strength models the shear modulus is typically assumed to be linearly dependent on

temperature. However, for materials compressed beyond the Hugoniot or in regimes where there is very little experimental

data, accurate and validated models must be used. To this end, we present here a new methodology that fully accounts for

electron- and ion-thermal contributions to the elastic moduli over broad ranges of temperature (less than 20,000 K) and

pressure (less than 10 Mbar). In this approach, the full potential linear muffin-tin orbital (FP-LMTO) method for the cold and

electron-thermal contributions is closely coupled with ion-thermal contributions. For the latter two separate approaches are

used. In one approach, the quasi-harmonic, ion-thermal contribution is obtained through a Brillouin zone sum of strain
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derivatives of the phonons, and in the other a full anharmonic ion-thermal contribution is obtained directly through Monte
Carlo (MC) canonical distribution averages of strain derivatives on the multi-ion potential itself. Both approaches use
quantum-based interatomic potentials derived from model generalized pseudopotential theory (MGPT). For tantalum, the
resulting elastic moduli are compared to available ultrasonic measurements and diamondanvil- cell compression experiments.
Over the range of temperature and pressure considered, the results are then used in a polycrystalline averaging for the shear
modulus to assess the linear temperature dependence for Ta.

NTIS

High Temperature; Tantalum; Thermoelasticity

20050201669 Northwestern Univ., Evanston, IL USA
Soft Interfaces, Quasicrystals and Tribology
Marks, Laurence D.; Jan. 2005; 8 pp.; In English
Contract(s)/Grant(s): F49620-03-1-0092
Report No.(s): AD-A435776; AFRL-SR-AR-TR-05-0273; No Copyright; Avail: CASI; A02, Hardcopy

An analytical model for dry friction using a combination of dislocation drag and solid-solid interface theory was
developed. This model, with no adjustable parameters, gives semi-quantitatively correct numbers for experimental friction
coefficients in ultra-high vacuum, and is also consistent with a number of other experimental finding ranging from the
formation of contact layers to temperature dependence. Experiments on macroscopic single crystals to explore the angular
dependence of solid-solid friction were performed, and found to be consistent with theoretical predictions albeit complicated
by noise in the measurements.
DTIC
Tribology; Single Crystals

20050201795 NASA Glenn Research Center, Cleveland, OH, USA
Mechanical Characterization of Reactively Brazed Metal-Composite Joints for Heat Rejection Systems
Morscher, Gregory N.; Asthana, Rajiv; Singh, Mrityunjay; Shpargel, Tarah; [2005]; 1 pp.; In English; 29th International
Conference on Advanced Ceramics and Composites; American Ceramic Society, 23-28 Jan. 2005, 2ocoa Beach, FL, USA; No
Copyright; Avail: Other Sources; Abstract Only

The joining of metal tubes to composite plates is required for heat-rejection components in several space applications.
Currently a number of different braze compositions are being evaluated as to their effectiveness. Such tube-plate configurations
cannot be represented by traditional methods of testing, e.g., lap joints. The joined region is not between two flat surfaces, but
rather between a flat surface and a curved surface. Therefore, several tests have been employed to ascertain the effectiveness
of the different braze approaches in tension and in shear that are both simple and representative of the actual system and
relatively straightforward in analysis. The results of these ‘tube tests’ will be discussed for the three different braze
compositions, Cu-ABA, Ti-Cu-Sil, and Ti-Cu-Ni. In addition, fracture analysis of the failed joints was performed and offers
insights into the cause of joint failure and the distinctions which need to be made between the ‘strength’ of a joint versus the
‘load carrying ability’ of a joint.
Author
Soldered Joints; Metal Plates; Metal Joints; Brazing; Plates (Structural Members)

20050201797 NASA Glenn Research Center, Cleveland, OH, USA
Characterization of Cold Sprayed CuCrAl Coated GRCop-84 Substrates for Reusable Launch Vehicles
Raj, S . V;; Barrett, C. A.; Lerch, B. A.; Karthikeyan, J.; Ghosn, L. J.; Haynes, J.; January 2005; 1 pp.; In English; Cold Spray
2004, 27-28 Sep. 2004, Akron, OH, USA; Copyright; Avail: Other Sources; Abstract Only

An advanced Cu-8(at.%)Cr-4%Nb alloy developed at NASA’s Glenn Research Center, and designated as GRCop-84, is
currently being considered for use as combustor liners and nozzles in NASA’s future generations of reusable launch vehicles
(RLVs). Despite the fact that this alloy has superior mechanical and oxidation properties compared to many commercially
available copper alloys, it is felt that its high temperature and environmental resistance capabilities can be further enhanced
with the development and use of suitable coatings. Several coatings and processes are currently being evaluated for their
suitability and future down selection. A newly developed CuCrAl has shown excellent oxidation resistance compared to
current generation Cu-Cr coating alloys. Cold spray technology for depositing the CuCrAl coating on a GRCop-84 substrate
is currently being developed under NASA’s Next Generation Launch Technology (NGLT) Propulsion Research and
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Technology (PR&T) project. The microstructures, mechanical and thermophysical properties of overlay coated GRCop-84
substrates are discussed.
Author

Copper Alloys; Metal Coatings; Sprayed Coatings; Lining Processes; Heat Resistant Alloys; Thermal Control Coatings

20050201798 NASA Glenn Research Center, Cleveland, OH, USA
Low Pressure Plasma Sprayed Overlay Coatings for GRCop-84 Combustion Chamber Liners for Reusable Launch
Vehicles
Raj, S. V; Barrett, C.; Ghosn, L. J.; Lerch, B.; Robinson,; Thorn, G.; January 2005; 1 pp.; In English; ASM Fall Meeting,
18-21 Oct. 2004, Columbus, OH, USA; Copyright; Avail: Other Sources; Abstract Only

An advanced Cu-8(at.%)Cr-4%Nb alloy developed at NASA’s Glenn Research Center, and designated as GRCop-84, is
currently being considered for use as combustor chamber liners and nozzle ramps in NASA s future generations of reusable
launch vehicles (RLVs). However, past experience has shown that unprotected copper alloys undergo an environmental attack
called ‘blanching’ in rocket engines using liquid hydrogen as fuel and liquid oxygen as the oxidizer. Potential for sulfidation
attack of the liners in hydrocarbon-fueled engines is also of concern. Protective overlay coatings alloys are being developed
for GRCop-84. The development of this coatings technology has involved a combination of modeling, coatings development
and characterization, and process optimization. Coatings have been low pressure plasma sprayed on GRCop-84 substrates of
various geometries and shapes. Microstructural, mechanical property data and thermophysical results on the coated substrates
are presented and discussed.
Author
Protective Coatings, Reusable Launch Vehicles; Linings; Combustion Chambers; Sprayed Coatings; Plasmas (Physics);
Copper Alloys

20050201885 NASA Glenn Research Center, Cleveland, OH, USA, Case Western Reserve Univ., Cleveland, OH, USA
Oxidation Behavior of GRCop-84 Copper Alloy Assessed
Thomas-Ogbuji, Linus U.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; A01,
Hardcopy

NASA’s goal of safe, affordable space transportation calls for increased reliability and lifetimes of launch vehicles, and
significant reductions of launch costs. The areas targeted for enhanced performance in the next generation of reusable launch
vehicles include combustion chambers and nozzle ramps; therefore, the search is on for suitable liner materials for these
components. GRCop-84 (Cu-8Cr-4Nb), an advanced copper alloy developed at the NASA Glenn Research Center in
conjunction with Case Western Reserve University, is a candidate. The current liner of the Space Shuttle Main Engine is
another copper alloy, NARloy-Z (Cu-3Ag-0.1Zr). It provides a benchmark against which to compare the properties of
candidate successors. The thermomechanical properties of GRCop-84 have been shown to be superior, and its physical
properties comparable, to those of NARIloy-Z. However, environmental durability issues control longevity in this application:
because copper oxide scales are not highly protective, most copper alloys are quickly consumed in oxygen environments at
elevated temperatures. In consequence, NARIoy-Z and most other copper alloys are prone to blanching, a degradation process
that occurs through cycles of oxidation-reduction as the oxide is repeatedly formed and removed because of microscale
fluctuations in the oxygen-hydrogen fuel systems of rocket engines. The Space Shuttle Main Engine lining typically degraded
by blanching-induced hot spots that lead to surface roughening, pore formation, and coolant leakage. Therefore, resistance to
oxidation and blanching are key requirements for second-generation reusable launch vehicle liners. The rocket engine ambient
includes H2 (fuel) and H2O (combustion product) and is, hence, under reduced oxygen partial pressures. Accordingly, our
studies were expanded to include oxygen partial pressures as low as 322 parts per million (ppm) at the temperatures likely
to be experienced in service. A comparison of 10-hr weight gains of GRCop-84, NARIloy-Z, and pure copper in 0.032, 2.2,
and 100 percent oxygen from 550 to 750 C is shown. In 2.2 vol% and higher oxygen content, GRCop-84 oxidation was slower
than that of NARIoy-Z or Cu, but that advantage was lost or diminished in 322-ppm O2. Over longer (50-hr) exposures in
1.0 atm O2, however, the advantage of GRCop-84 increased significantly, its oxidation rate becoming approximately 10 times
slower than those of Cu and NARloy-Z from 500 to 700 C. Weight gains were moderate and the kinetics parabolic for all three
materials in 2.2 vol% and higher oxygen content; however, in 322-ppm O2, the scales were nonprotective below about 650
C, as reflected in linear kinetics and large weight gains. The superior oxidation resistance of GRCop-84 is likely related to the
kinetics of extra oxygen consumption to form the additional oxides of Cr and Nb detected beneath the GRCop-84 oxide layer.
While we continue to evaluate the blanching resistance of GRCop-84 in other tests, these oxidation results indicate that
GRCop-84 is suitable as a reusable launch vehicle liner, and in applications where it is desired to use a copper alloy but
without the risk of oxidative failure. Three bar charts comparing overall specific weight gains by each of the three materials
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studied. The top chart is for oxidation in 1.0 atm of oxygen, the middle is for 2.2% oxygen (balance argon), and the bottom
is for 0.0322% oxygen. GRCop-84 outperforms the other two materials, showing the least weight gain in nearly all cases.
Derived from text

Copper Alloys; Oxidation Resistance; Thermodynamics; Mechanical Properties; Space Transportation

20050201928 NASA Glenn Research Center, Cleveland, OH, USA
Effects of Microalloying on the Microstructures and Mechanical Properties of Directionally Solidified Ni-33(at.% )Al-
31Cr-3Mo Eutectic Alloys Investigated
Whittenberger, J. Daniel; Raj, Sai V.; Locci, Ivan E.; Salem, Jonathan A.; Research and Technology 2001; March 2002; 5 pp.;
In English; No Copyright; Avail: CASI; AO1, Hardcopy

Despite nickel aluminide (NiAl) alloys’ attractive combination of oxidation and thermophysical properties, their
development as replacements for superalloy airfoils in gas turbine engines has been largely limited by difficulties in
developing alloys with an optimum combination of elevated-temperature creep resistance and room-temperature fracture
toughness. Alternatively, research has focused on developing directionally solidified NiAl-based in situ eutectic composites
composed of NiAl and (Cr,Mo) phases in order to obtain a desirable combination of properties a systematic investigation was
undertaken at the NASA Glenn Research Center to examine the effects of small additions of 11 alloying elements (Co, Cu,
Fe, Hf, Mn, Nb, Re, Si, Ta, Ti, and Zr) in amounts varying from 0.25 to 1.0 at.% on the elevated-temperature strength and
room-temperature fracture toughness of directionally solidified Ni-33Al-31Cr-3Mo eutectic alloy. The alloys were grown at
12.7 mm/hr, where the unalloyed eutectic base alloy exhibited a planar eutectic microstructure. The different microstructures
that formed because of these fifth-element additions are included in the table. The additions of these elements even in small
amounts resulted in the formation of cellular microstructures, and in some cases, dendrites and third phases were observed.
Most of these elemental additions did not improve either the elevated-temperature strength or the room-temperature fracture
toughness over that of the base alloy. However, small improvements in the compression strength were observed between 1200
and 1400 K when 0.5 at.% Hf and 0.25 at.% Ti were added to the base alloy. The results of this study suggest that the
microalloying of Ni-33AI-31Cr-3Mo will not significantly improve either its elevatedtemperature strength or its room-
temperature fracture toughness. Thus, any improvements in these properties must be acquired by changing the processing
conditions.
Derived from text
Nickel Aluminides; Eutectic Alloys; Alloying; Microstructure; Mechanical Properties

20050201929 The Energy Industries of Ohio, Inc., Independence, OH, Independence, OH, USA
Boiler Materials for Ultrasupercritical Coal Power Plants
Viswanathan, R.; Apr. 2002; 40 pp.; In English
Report No.(s): DE2005-833941; No Copyright; Avail: Department of Energy Information Bridge

The principal objective of this project is to develop materials technology for use in ultrasupercritical (USC) plant boilers
capable of operating with 760 degrees C (1400 degrees F), and up to 5500 psi with emphasis upon 35 MPa (5000 psi) steam.
In the 21st century, the world faces the critical challenge of providing abundant, cheap electricity to meet the needs of a
growing global population while at the same time preserving environmental values. Most studies of this issue conclude that
a robust portfolio of generation technologies and fuels should be developed to assure that the USA will have adequate
electricity supplies in a variety of possible future scenarios. The use of coal for electricity generation poses a unique set of
challenges. On the one hand, coal is plentiful and available at low cost in much of the world, notably in the U.S., China, and
India. Countries with large coal reserves will want to develop them to foster economic growth and energy security. On the
other hand, traditional methods of coal combustion emit pollutants and CO(sub 2) at high levels relative to other generation
options. Maintaining coal as a generation option in the 21st century will require methods for addressing these environmental
issues.
NTIS
Boilers, Coal; Electric Generators; Energy Conservation

20050201938 Lawrence Livermore National Lab., Livermore, CA USA

Dislocation Interactions with Voids and Helium Bubbles in FCC Metals

Young, J. A.; Wirth, B. D.; Robach, J.; Robertson, I. M.; Dec. 02, 2003; 12 pp.; In English

Report No.(s): DE2005-15013841; UCRL-CONF-201086; No Copyright; Avail: Department of Energy Information Bridge
The formation of a high number density of helium bubbles in FCC metals irradiated within the fusion energy environment
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is well established. Yet, the role of helium bubbles in radiation hardening and mechanical property degradation of these steels
remains an outstanding issue. In this paper, we present the results of a combined molecular dynamics simulation and in-situ
straining transmission electron microscopy study, which investigates the interaction mechanisms between glissile dislocations
and nanometer-sized helium bubbles. The molecular dynamics simulations, which directly account for dislocation core effects
through semi-empirical interatomic potentials, provide fundamental insight into the effect of helium bubble size and internal
gas pressure on the dislocation/bubble interaction and bypass mechanisms. The combination of simulation and in-situ straining
experiments provides a powerful approach to determine the atomic to microscopic mechanisms of dislocation-helium bubble
interactions, which govern the mechanical response of metals irradiated within the fusion environment.

NTIS

Bubbles; Edge Dislocations; Helium; Metals; Voids

20050202003 Lawrence Livermore National Lab., Livermore, CA USA
Characterization of the Resistance of Alloy 22 to Stress Corrosion Cracking
King, K. J.; Rebak, R. B.; Estill, J. C.; May 30, 2002; 20 pp.; In English
Report No.(s): DE2005-15013493; UCRL-JC-147912; No Copyright; Avail: Department of Energy Information Bridge

In its current design, the high-level nuclear waste containers include an external layer of Alloy 22. Since over their
lifetime, the containers may be exposed to multi-ionic aqueous environments, a potential degradation mode of the outer layer
could be environmentally assisted cracking (EAC). The objective of the current research was to characterize the effect of
applied potential and temperature on the susceptibility of Alloy 22 to EAC in simulated concentrated water (SCW) using the
slow strain rate test (SSRT). Results show that Alloy 22 may suffer EAC at applied potentials approximately 400 mV more
anodic than the corrosion potential.
NTIS
Corrosion Resistance; Stress Corrosion Cracking

20050202079 NASA Glenn Research Center, Cleveland, OH, USA, Toledo Univ., OH, USA
Self-Tuning Impact Dampers Designed for Turbomachinery Blade Vibration Suppression
Duffy, Kirsten P.; Mehmed, Oral; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI;
AO01, Hardcopy

Turbomachinery blades are subject to aerodynamic forces that can lead to high-cycle-fatigue (HCF) failures. These
failures will only increase as engineers begin to design blades without shrouds or as integrally bladed disks (blisks). These
new designs will decrease blade damping significantly because the mechanical damping from shroud and blade joints will be
eliminated. Also, it is difficult to design dampers for the engine environment with its extremely high centrifugal loads and high
temperatures. The self-tuning impact damper has been designed to provide the additional damping required to avoid HCF
while withstanding the harsh engine environment. In addition, the damper is placed within the engine blade itself rather than
external to it.
Derived from text
Turbomachinery; Blades; Aerodynamic Forces; Failure

20050203647 QSS Group, Inc., Cleveland, OH, USA
Brazing of Stainless Steels to Yttria Stabilized Zirconia (YSZ) Using Silver -Base Brazes
Singh, Mrityunjay; Shpargel, Tarah P.; Asthana, Rajiv; [2005]; 1 pp.; In English; 29th International Conference on Advanced
Ceramics and Composites, 23-28 Jan. 2005, Cocoa Beach, Fl, USA
Contract(s)/Grant(s): NAS3-00145; No Copyright; Avail: Other Sources; Abstract Only

Three silver-base brazes containing either noble metal palladium (Palcusil-10 and Palcusil-15) or active metal titanium
(Ticusil) were evaluated for high-temperature oxidation resistance, and their effectiveness in joining yttria stabilized zirconia
(YSZ) to a corrosion-resistant ferritic stainless steel. Thermogravimetric analysis (TGA), and optical- and scanning electron
microscopy (SEM) coupled with energy dispersive spectrometry (EDS) were used to evaluate the braze oxidation behavior
and the structure and chemistry of the YSZ/braze/steel joints. The effect of the braze type and processing conditions on the
interfacial microstructure and composition of the joint regions is discussed with reference to the chemical changes that occur
at the interface. It was found that chemical interdiffusion of the constituents of YSZ, steel and the brazes led to compositional
changes and/or interface reconstruction, and metallurgically sound joints.
Author
Brazing; Silver; Stainless Steels; Yttria-Stabilized Zirconia
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20050203655 QSS Group, Inc., Cleveland, OH, USA
Reactive Brazing of Carbon-Carbon Composites to Titanium
Shpargel, Tarah; Singh, M.; Morscher, Gregory; Asthana, Rajiv; [2004]; 9 pp.; In English; 5th International Conference on
High Temperature Ceramic Matrix Composites, 25-30 Jan. 2005, Cocoa Beach, FL, USA
Contract(s)/Grant(s): NAS3-00145; Copyright; Avail: CASI; A02, Hardcopy

The Ti-metal/C-C composite joints were formed by reactive brazing with three commercial brazes, namely, Cu-ABA,
TiCuNi, and TiCuSil. The joint microstructures were examined using optical microscopy, and scanning electron microscopy
(SEM) coupled with energy dispersive spectrometry (EDS). The results of the microstructure analysis indicate solute
redistribution across the joint and possible metallurgical bond formation via interdiffusion, which led to good wetting and
spreading.
Author
Brazing; Carbon-Carbon Composites; Titanium; Alloys; Metallurgy

20050203702 NASA Glenn Research Center, Cleveland, OH, USA
Initial Mechanical Testing of Superalloy Lattice Block Structures Conducted
Krause, David L.; Whittenberger, J. Daniel; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright;
Avail: CASI; AO1, Hardcopy

The first mechanical tests of superalloy lattice block structures produced promising results for this exciting new
lightweight material system. The testing was performed in-house at NASA Glenn Research Center’s Structural Benchmark
Test Facility, where small subelement-sized compression and beam specimens were loaded to observe elastic and plastic
behavior, component strength levels, and fatigue resistance for hundreds of thousands of load cycles. Current lattice block
construction produces a flat panel composed of thin ligaments arranged in a three-dimensional triangulated trusslike structure.
Investment casting of lattice block panels has been developed and greatly expands opportunities for using this unique
architecture in today’s high-performance structures. In addition, advances made in NASA’s Ultra-Efficient Engine Technology
Program have extended the lattice block concept to superalloy materials. After a series of casting iterations, the nickel-based
superalloy Inconel 718 (IN 718, Inco Alloys International, Inc., Huntington, WV) was successfully cast into lattice block
panels; this combination offers light weight combined with high strength, high stiffness, and elevated-temperature durability.
For tests to evaluate casting quality and configuration merit, small structural compression and bend test specimens were
machined from the 5- by 12- by 0.5-in. panels. Linear elastic finite element analyses were completed for several specimen
layouts to predict material stresses and deflections under proposed test conditions. The structural specimens were then
subjected to room-temperature static and cyclic loads in Glenn’s Life Prediction Branch’s material test machine. Surprisingly,
the test results exceeded analytical predictions: plastic strains greater than 5 percent were obtained, and fatigue lives did not
depreciate relative to the base material. These assets were due to the formation of plastic hinges and the redundancies inherent
in lattice block construction, which were not considered in the simplified computer models. The fatigue testing proved the
value of redundancies since specimen strength was maintained even after the fracture of one or two ligaments. This ongoing
test program is planned to continue through high-temperature testing. Also scheduled for testing are IN 718 lattice block panels
with integral face sheets, as well as specimens cast from a higher temperature alloy. The initial testing suggests the value of
this technology for large panels under low and moderate pressure loadings and for high-risk, damage-tolerant structures.
Potential aeropropulsion uses for lattice blocks include turbine-engine actuated panels, exhaust nozzle flaps, and side panel
structures.
Author
Heat Resistant Alloys;, Mechanical Properties; Crystal Lattices; Structural Members

20050203797 NASA Glenn Research Center, Cleveland, OH, USA, Johns Hopkins Univ., Baltimore, MD, USA
Microsample Characterization of Coatings for GRCop-84 for High Temperature High Heat Flux Application
Jain, Piyush; Hemker, Kevin J.; Raj, Sai V.; [2004]; 1 pp.; In English; Materials Science and Technology 2004 Conference
(MS&T 2004), 26-29 Sep. 2004, New Orleans, LA, USA; Copyright; Avail: Other Sources; Abstract Only

NASA’s Glenn Research Center has developed GRCop-84 (Cu-8at.%Cr-4% Nb), a high conductivity, high strength
copper alloy for use as liners in rocket engine combustion chambers, nozzle ramps and other actively-cooled components
subject to high heat fluxes. Two metallic coatings, NiCrAlY and Cu-26%Cr, are being considered for preventing blanching,
reducing ‘dog- house’ failures and providing better environmental resistance to the GRCop-84 liners. This presentation will
outline a study of coating-substrate interactions that occur as a result of thermal cycling and coating specific properties at
different temperatures. A furnace has been built to thermally cycle the samples under argon. The microsample testing approach
is being used to measure the coating-substrate interfacial strength. Cu-26Cr/GRCop-84 samples did not show any obvious
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interdiffusion after 300 thermal cycles. Interfacial strength tests of these samples were affected by porosity present in the
samples. A complete set of observations and results for Cu-26Cr and NiCrAlY coatings will be presented.

Author

Copper Alloys; Heat Flux; High Strength Alloys; High Temperature; Metal Coatings

20050203798 NASA Glenn Research Center, Cleveland, OH, USA
Compression and Tensile Creep of Binary NiAl
Raj, Sai V.; [2005]; 1 pp.; In English; 2005 TMS Annual Meeting, 13-17 Feb. 2005, San Francisco, CA, USA; No Copyright;
Avail: Other Sources; Abstract Only

Compression creep and long term tensile creep studies were conducted on cast and extruded binary NiAl in the
temperature range 700-1200 K with the objectives of characterizing and understanding the creep mechanisms. Inverse and
normal primary creep curves were observed in both compression and tension creep depending on stress and temperature
although an asymmetrical response was observed under these two stress states. It was concluded that the primary creep of NiAl
is limited by dislocation mobility. The stress exponents, n, for compression and tensile creep were similar varying between
about 5 and 14. However, there were significant differences in the stress dependence of the activation energies for compression
and tensile creep. The true activation energy for tensile creep, Q(sub c), was constant and equal to about 400 kJ/mol between
20 and 50 MPa but decreased to a constant value of 250 kJ/mol between 50 and 110 MPa. The activation energy was observed
to be inversely stress dependent above 110 MPa. In contrast, Q(sub c¢) = 300 kJ/mol for compression creep was constant
between 25 and 70 MPa and inversely dependent on the true stress above 70 MPa. A detailed discussion of the probable
dislocation creep mechanisms governing compressive and tensile creep of NiAl is presented. It is concluded that the
non-conservative motion of jogs on screw dislocations influenced the nature of the primary creep curves, where the climb of
these jogs involves either the next nearest neighbor or the six-jump cycle vacancy diffusion mechanism. The probable natures
of the atom-vacancy exchange that occur within the core of an edge dislocation undergoing climb in NiAl are schematically
examined.
Author
Nickel Aluminides; Tensile Creep; Creep Properties; Compressibility;, Mobility; Activation Energy

20050203882 NASA Glenn Research Center, Cleveland, OH, USA
Deformation, Failure, and Fatigue Life of SiC/Ti-15-3 Laminates Accurately Predicted by MAC/GMC
Bednarcyk, Brett A.; Arnold, Steven M.; Research and Technology 2001; March 2002; 4 pp.; In English; No Copyright; Avail:
CASI; A01, Hardcopy

NASA Glenn Research Center’s Micromechanics Analysis Code with Generalized Method of Cells (MAC/GMC) (ref.1)
has been extended to enable fully coupled macro-micro deformation, failure, and fatigue life predictions for advanced metal
matrix, ceramic matrix, and polymer matrix composites. Because of the multiaxial nature of the code’s underlying
micromechanics model, GMC--which allows the incorporation of complex local inelastic constitutive models--MAC/GMC
finds its most important application in metal matrix composites, like the SiC/Ti-15-3 composite examined here. Furthermore,
since GMC predicts the microscale fields within each constituent of the composite material, submodels for local effects such
as fiber breakage, interfacial debonding, and matrix fatigue damage can and have been built into MAC/GMC. The present
application of MAC/GMC highlights the combination of these features, which has enabled the accurate modeling of the
deformation, failure, and life of titanium matrix composites.
Derived from text
Deformation; Failure; Fatigue Life; Silicon Carbides; Titanium

20050203981 NASA Marshall Space Flight Center, Huntsville, AL, USA, Mississippi State Univ., Mississippi State, MS,
USA
Quantifying the Material Processing Conditions for an Optimized FSW Process
Schneider, Judy; Nunes, Arthur C., Jr.; [2005]; 1 pp.; In English; American Society for Metals 7th International Trends in
Welding Research Conference, 16-20 May 2005, Pine Mountain, GA, USA
Contract(s)/Grant(s): NNMO04AA14A; Copyright; Avail: Other Sources; Abstract Only

In friction stir welding (FSW), a rotating threaded pin tool is inserted into a weld seam and literally stirs the edgs of the
seam together. This environmentally friendly, solid-state technique has been successfully used in the joining of materials that
are difficult to fusion weld. To determine optimal processing parameters for producing a defect free weld, a better
understanding of the resulting metal deformation flow path and velocity is required. In this study the metal flow fields are
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marked by the use of thin (0.001 in. tungsten) wires embedded in the weld seam at various locations. X-ray radiographs record
the position and segmentation of the wire and are used to elucidate the flow field. Microstructures observed in a FSW
cross-section in an aluminum alloy are related to their respective strain-strain rate-temperature histones along their respective
flow trajectories. Two kinds of trajectories, each subjecting the weld metal to a distinct thermomechanical process and
imparting a distinct microstructure, can be differentiated within the weld structure.

Author

Friction Stir Welding; Flow Velocity; Flow Distribution; Radiography; X Rays, Tungsten; Strain Rate

27
NONMETALLIC MATERIALS

Includes physical, chemical, and mechanical properties of plastics, elastomers, lubricants, polymers, textiles, adhesives, and ceramic
materials. For composite materials see 24 Composite Materials.

20050199471 NASA Glenn Research Center, Cleveland, OH, USA, DYNACS Engineering Co., Inc., USA
Affordable, Robust Ceramic Joining Technology (ARCJoint) Developed
Steele, Gynelle C.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

Affordable, Robust Ceramic Joining Technology (ARCJoint) is a method for joining high temperature- resistant ceramic
pieces together, establishing joints that are strong, and allowing joining to be done in the field. This new way of joining allows
complex shapes to be formed by joining together geometrically simple shapes. The joining technology at NASA is one of the
enabling technologies for the application of silicon-carbide-based ceramic and composite components in demanding and
high-temperature applications. The technology is being developed and tested for high-temperature propulsion parts for
aerospace use. Commercially, it can be used for joining ceramic pieces used for high temperature applications in the
power-generating and chemical industries, as well as in the microelectronics industry. This innovation could yield big payoffs
for not only the power-generating industry but also the Silicon Valley chipmakers. This technology, which was developed at
the NASA Glenn Research Center by Dr. Mrityunjay Singh, is a two-step process involving first using a paste to join together
ceramic pieces and bonding them by heating the joint to 110 to 120 C for between 10 and 20 min. This makes the joint strong
enough to be handled for the final joining. Then, a silicon-based substance is applied to the joint and heated to 1400 C for
10 to 15 min. The resulting joint is as strong as the original ceramic material and can withstand the same high temperatures.
Author
Ceramic Bonding; Composite Materials; Silicon Carbides; Technology Assessment

20050199671 Michigan Technological Univ., Houghton, MI, USA
Improvement of Wear Component’s Performance by Utilizing Advanced Materials and New Manufacturing
Technologies: Castcon Process for Mining Applications. Quaterly Technical Progress Report. For the Period Starting
April 1, 2003 ending June 30, 2003
Huang, X.; Gertsch, R.; Mar. 18, 2004; 10 pp.; In English
Report No.(s): DE2005-837256; No Copyright; Avail: Department of Energy Information Bridge

During this reporting period, we mainly focused on solving the disc distortion problem that was encountered in the last
quarter. A slower heating rate during off-gassing was tested to reduce the HIPping can expansion. However, slight expansion
still occurred. Two 6.5 inch discs were produced with many defects. One was made of H13 powder only and the other was
made of H13 powder with WC inserts. It was believed that the defects were caused by the slight expansion of the HIP can
during the elevated temperature off-gassing and a vacuum leak in the HIPping can.
NTIS
Cutters, Manufacturing; Mining; Tungsten Carbides;, Wear

20050199752 NASA Glenn Research Center, Cleveland, OH, USA
Major Effects of Nonmetallic Inclusions on the Fatigue Life of Disk Superalloy Demonstrated
Gabb, Timothy P.; Telesman, Jack; Kantzos, Peter T.; Bonacuse, Peter J.; Barrie, Robert L.; Research and Technology 2001;
March 2002; 3 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy

The fatigue properties of modern powder metallurgy disk alloys can vary because of the different steps of materials and
component processing and machining. Among these variables, the effects of nonmetallic inclusions introduced during the
powder atomization and handling processes have been shown to significantly degrade low-cycle fatigue life. The levels of
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inclusion contamination have, therefore, been reduced to less than 1 part per million in state-of-the-art nickel disk
powder-processing facilities. Yet the large quantities of compressor and turbine disks weighing from 100 to over 1000 Ib have
enough total volume and surface area for these rare inclusions to still be present and limit fatigue life. The objective of this
study was to investigate the effects on fatigue life of these inclusions, as part of the Crack Resistant Disk Materials task within
the Ultra Safe Propulsion Project. Inclusions were carefully introduced at elevated levels in a nickel-base disk superalloy,
U720, produced using powder metallurgy processing. Multiple strain-controlled fatigue tests were then performed on extracted
test specimens at 650 C. Analyses were performed to compare the low-cycle fatigue lives and failure initiation sites as
functions of inclusion content and fatigue conditions. Powder of the nickel-base superalloy U720 was atomized in argon at
Special Metals Corporation, Inc., using production-scale high-cleanliness powder-processing facilities and handling practices.
The powder was then passed through a 270-mesh screen. One portion of this powder was set aside for subsequent
consolidation without introduced inclusions. Two other portions of this powder were seeded with alumina inclusions. Small,
polycrystalline soft (Type 2) inclusions of about 50 mm diameter were carefully prepared and blended into one powder lot,
and larger hard (Type 1) inclusions of about 150 mm mean diameter were introduced into the other seeded portion of powder.
All three portions of powder were then sealed in separate containers, hot isostatically pressurized, extruded, forged into
subscale disks, and heat treated. Low-cycle-fatigue specimens were then extracted, machined, and tested. Fatigue tests were
performed at 650 C in closed-loop servohydraulic testing machines using induction heating and axial extensometers. All tests
were continued to failure, and fractographic evaluations were performed on all specimens to determine the crack initiation
sites. A large majority of the failures in specimens with introduced inclusions occurred at cracks initiating from inclusions at
the specimen surface, as shown for each type of inclusion in the following bar chart. The inclusions significantly reduced
fatigue life from unseeded material levels, as shown in the bar chart. These effects were found to depend on the strain range,
strain ratio, and inclusion size. Tests at lower strain ranges and higher strain ratios resulted in larger effects of inclusions on
life. Inclusion effects on life were thereby maximized in tests at the lowest strain range of 0.6 percent and the most positive
strain ratio of 0.5. Under these conditions, small Type 2 inclusions reduced life substantially-- about 20 times, whereas large
Type 1 inclusions dramatically reduced life 100 times. These results clearly demonstrate that it is essential to include the
effects of inclusions for realistic predictions of disk fatigue life. Important issues, including temperature dependence, crack
initiation versus propagation, surface treatments, realistic disk features and machining, and realistic disk spin testing will be
addressed to accurately model inclusion effects on disk fatigue life. Fatigue life varied from well over 105 cycles for no
inclusions to a little over 103 cycles for 100-micrometer inclusions. A single crack initiating at a surface-connected seeded
inclusion caused failure in each case.

Author

Heat Resistant Alloys; Inclusions;, Powder Metallurgy; Fatigue Life

20050200951 Army Engineer Research and Development Center, Vicksburg, MS USA
Laboratory Characterization of Fine Aggregate Cementitious Material
Williams, Erin M.; Akers, Stephen A.; Reed, Paul A.; Jul. 2005; 101 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435634; ERDC/GSL-TR-05-16; No Copyright; Avail: Defense Technical Information Center (DTIC)
Personnel of the Geotechnical and Structures Laboratory, U.S. Army Engineer Research and Development Center,
conducted a laboratory investigation to characterize the strength and constitutive property behavior of a fine aggregate
cemented material (FACM). The FACM was designed to have a 34-MPa (5,000-psi) unconfined strength and to contain no
coarse aggregate. Forty-three mechanical property tests two hydrostatic compression tests (HC), four unconfined compression
tests (UC), 16 triaxial compression tests (TXC), two uniaxial strain tests (UX), four uniaxial strain load/biaxial strain
unloading tests (UX/BX), three uniaxial strain load/constant volume tests (UX/CV), three uniaxial strain load/constant strain
path tests (UX/SP), five direct pull tests (DP), one conventional triaxial extension test (CTE), and three reduced triaxial
extension tests (RTE)_were successfully completed. In addition to the mechanical property tests, nondestructive pulse-velocity
measurements were performed on each specimen. The TXC tests exhibited a continuous increase in principal stress difference
with increasing confining stress. A recommended compression failure surface was developed from the TXC and UC test
results. Test data from the RTE, CTE, and DP tests were used to develop a recommended extension failure surface for FACM.
Results from the stress paths of the strain path tests and the recommended compression failure surface exhibited good
agreement.
DTIC
Aggregates; Cements, Triaxial Stresses
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20050200964 Wavelet Technologies, Inc., Attleboro, MA USA
Electromagnetic Design Techniques Enabling Control of the RFID Supply Chain
Hohlfeld, Robert G.; Jul. 2005; 28 pp.; In English
Contract(s)/Grant(s): N00014-05-M-03
Report No.(s): AD-A435652; No Copyright; Avail: CASI; A03, Hardcopy

This report summarizes progress in the SBIR Phase I project ‘Electromagnetic Design Techniques Enabling Control of
the RFID Supply Chain’. During this project Wavelet Technologies, Inc. (WTI) has extended its genetic optimization program
to include a variety of additional antenna geometries, worked out means for translating antenna designs to a form suitable for
prototype fabrication, acquired RFID chips sufficient to demonstrate component independence, produced and tested
genetically optimized RFID tag designs, obtained equipment and made modifications to its laboratory for prototype tag
fabrication, and constructed software for Monte Carlo studies of its business case model. The following section describes the
status of each of the Phase I tasks in turn. For tasks in which technical work was completed in earlier reporting periods, the
reader will be referred to the appropriate reports for the detailed technical descriptions of the work accomplished under that
task.
DTIC
Antenna Components; Electromagnetic Properties; Electromagnets; Radio Frequencies; Transponders

20050201055 Army Defense Ammunition Center, McAlester, OK USA

Transportability Testing of the Joint Direct Attack Munition (JDAM) Packed in a CNU-589 Shipping and Storage
Container Using Vinyl Dunnage Air Bags, TP-94-01, Revision 2, June 2004, ‘Transportability Testing Procedures’
May 2005; 26 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435810; REPT-05-12; No Copyright; Avail: Defense Technical Information Center (DTIC)

The U.S. Army Defense Ammunition Center (DAC), Validation Engineering Division (SIMAC-DEV), was tasked by
Naval Surface Warfare Center to conduct transportability testing on the Joint Direct Attack Munition (JDAM) packed in
CNU-589 shipping and storage containers when secured using vinyl air bags as dunnage. The air bags were manufactured by
Centerload Shipping Technologies, Hayward, CA. Polyester strapping was used to secure the JDAM CNU-589 containers in
a stack. The polyester strapping was manufactured by Polychem Corporation, Mentor, OH. The testing was conducted in
accordance with TP-94-01, Revision 2, June 2004 ‘Transportability Testing Procedures.” The testing included Hazard Course,
Road Trip, and Panic Stops. The objectives of the testing were to evaluate the use of vinyl air bags as dunnage and to evaluate
the use of polyester strapping for shipping the JDAM CNU-589 containers by commercial trailers. The interface between the
vinyl air bags and steel strapping was also evaluated.

DTIC
Air Bag Restraint Devices;, Ammunition

20050201058 Operational Technologies Corp., Beavercreek, OH USA
Lessons Learned Using Fractions to Assess Risk at Petroleum Release Sites
Reed, Dennis A.; Sterner, Teresa R.; Apr. 2004; 50 pp.; In English
Contract(s)/Grant(s): F41624-94-D-9003-008; Proj-1710
Report No.(s): AD-A435822; AFRL-HE-WP-TR-2004-0126; No Copyright; Avail: CASI; A03, Hardcopy

Total petroleum hydrocarbon (TPH) fractional analysis and tiered risk assessments at petroleum release sites are replacing
cleanup approaches based upon total TPH concentrations. Field demonstrations of the Total Petroleum Hydrocarbon Criteria
Working Group (TPHCWG) approach for assessing human health risk at petroleum release sites were performed at eight
Department of Defense installations. One site also provided an opportunity to demonstrate the Massachusetts Department of
Environmental Protection methodology and compare the approaches. Two lessons learned from the field demonstrations were:
(1) TPH fractional analysis approaches provide a scientific bases for assessing risk and implementing appropriate criteria
alone; and (2) the TPHCWG approach should not be used at relatively ‘fresh’ petroleum product release sites because benzene,
a known human carcinogen, is likely to be present at concentrations high enough to dominate cleanup decisions.
DTIC
Cleaning,; Crude Oil; Hydrocarbons, Risk

20050201061 Chicago Univ., Chicago, IL USA

Searching for Better Photorefractive Materials

Yu, Luping; Jul. 2005; 48 pp.; In English

Contract(s)/Grant(s): F49620-02-1-0218

Report No.(s): AD-A435831; AFRL-SR-AR-TR-05-0310; No Copyright; Avail: CASI; A03, Hardcopy
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This report summarizes the research effort for the grant period as indicated above on search for better photorefractive
materials. New synthetic approaches and new materials with much improved photorefractive properties have been developed.
Detailed discussion and description are described in this report. It was also reported the development of conjugated diblock
co-oligomers for rectifying effect, which is the fundamental requirement for photovoltaic applications.

DTIC
Conjugation; Copolymers; Oligomers; Photovoltaic Effect

20050201102 National Renewable Energy Lab., Golden, CO USA

Biomass Oil Analysis: Research Needs and Recommendations

Tyson, K. S.; Bozell, Joseph; Wallace, Robert; Petersen, Eugene; Moens, Luc; Jun. 2004; 116 pp.; In English; Original

contains color illustrations

Contract(s)/Grant(s): DE-AC39-99-GO10337

Report No.(s): AD-A435922; NREL/TP-510-34796; No Copyright; Avail: Defense Technical Information Center (DTIC)
Report analyzing the use of biomass oils to help meet Office of the Biomass Program goals of establishing commercial

biorefinery by 2010 and commercializing at least four biobased products.

DTIC

Biomass; Oils

20050201118 California Univ., Santa Barbara, CA USA

Structure of Hybrid Polyhedral Oligomeric Silsesquioxane Polymethacrylate Oligomers Using Ion Mobility Mass
Spectrometry and Molecular Mechanics

Andersona, Stanley E.; Baker, Erin S.; Mitchell, Connie; Haddad, Timothy S.; Bowers, Michael T.; Dec. 2004; 27 pp.; In
English

Contract(s)/Grant(s): Proj-2303

Report No.(s): AD-A435975; No Copyright; Avail: Defense Technical Information Center (DTIC)

Ton mobility and molecular modeling methods were used to examine the gas phase conformational properties of POSS
(Polyhedral Oligomeric Silsesquioxanes) propylmethacrylate (PMA) oligomers. MALDI was utilized to generate sodiated
(PMA)Cp7T8xNa+ ions, and their collision cross-sections were measured in helium using ion mobility based methods.
Results for x = 1, 2, and 3 were consistent with only one conformer occurring for the Na+1-mer and Na+3-mer, but two or
more conformers are present for the Na+2-mer. Theoretical modeling of the Na+1-mer using the AMBER suite of programs
indicates only one family of low-energy structures is found, in which the sodium ion binds to the carbonyl oxygen on the PMA
and 4 oxygens on one face of the POSS cage. The calculated cross-section of this family agrees very well with the
experimental value, with \h2% deviation. For the Na+2-mer, theory predicts three separate conformer families based on
whether the backbone attachments to the two POSS cages are ‘cis’ (larger) or ‘extended trans’ or ‘trans’ (smaller). The
calculated cross-sections agree very well with the two experimental values. For the Na+3-mer, theory predicts a ‘syndiotactic’
family of structures at lowest energy whose average cross-section is consistent with the experimental cross-section. Modeling
shows the different conformer families are primarily due to non-bonded interactions of the capping Cp groups which stabilize
POSS cage packing in a variety of ways.

DTIC
Mass Spectroscopy, Mobility; Oligomers, Polymers

20050201121 Massachusetts Inst. of Tech., Cambridge, MA USA

Characterization of the Phase Transitions of Ethyl Substituted Polyhedral Oligomeric Silsesquioxane
Poliskie, G. M.; Haddad, T. S.; Blanski, R. L.; Gleason, K. K.; Feb. 2005; 28 pp.; In English
Contract(s)/Grant(s): F49620-01-1-0447; Proj-2303

Report No.(s): AD-A435983; No Copyright; Avail: Defense Technical Information Center (DTIC)

This study describes the synthesis and molecular mobility of both partially deuterated and fully protonated ethyl
polyhedral oligomeric silsesquioxane (POSS) crystals. Phase transitions were identified with differential scanning calorimetry
at *258 K and 253 K for partially deuterated and fully protonated ethyl POSS, respectively. A change in entropy of * 20. 8
K was observed for both transitions. The crystallographic phase transitions were identified as a high temperature rhombohedral
unit cell with a contraction in volume and symmetry described by a low temperature triclinic unit cell past the transition
temperature. Abrupt changes in the spin lattice relaxation and linewidth were detected with solid state proton nuclear magnetic
resonance (NMR) spectroscopy, at the same temperatures detected with calorimetry. This NMR behavior suggests a transition
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in molecular motions of both ethyl derivatives. For deuterated ethyl POSS, the motions become increasingly anisotropic after
the temperature is lowered past its transition point. Both derivatives exhibit an increase in the correlation time (30 2 ns to
7530 15 ns ) and activation energy (*16 2 kJ/mol to » 20 2 kJ/mol ) for molecular tumbling at temperatures past their respective
transitions.

DTIC

Ethyl Compounds; Phase Transformations; Polymers

20050201596 Department of the Navy, Washington, DC USA
High Strain Piezo-Polymer
Ramotowski, Thomas S., Inventor; Kavarnos, George J., Inventor; Zhang, Qiming, Inventor; Jul. 2005; 24 pp.; In English
Report No.(s): AD-D020211; No Copyright; Avail: CASI; A03, Hardcopy

A primary objective of the present invention is to produce an electrostrictive terpolymer such as vinylidene fluoride-
trifluoroethylene-chlorofluoroethylene (VDF-TrFE-CFE), without utilizing electron irradiation, which may be used as an
active material capable of generating sound in acoustic, underwater transducers and mechanical motion in actuator devices.
It is also a primary objective of the present invention to produce an electrostrictive terpolymer such as VDF-TrFE-CFE which
may be used as a replacement for electron irradiated high-strain P(VDF-TrFE) films. It is also a primary objective of the
present invention to produce an electrostrictive terpolymer such as VDF-TrFE-CFE which has gauche-type conformational
defects along the polymer chain which results in a broad distribution of polarizations that favor higher electrostrictive strains
than current electrostrictive polymers. It is also an objective of the present invention to produce an electrostrictive terpolymer
which exhibits larger mechanical strains than known in the art. It is also an objective of the present invention to process an
electrostrictive terpolymer such as VDF-TrFE-CFE which is less expensive and less cumbersome than current electrostrictive
materials and methods of making those electrostrictive materials.
DTIC
Electrostriction; High Polymers, Patent Applications, Piezoelectricity; Polymers

20050201791 NASA Glenn Research Center, Cleveland, OH, USA
Sensitive Technique Developed Using Atomic Force Microscopy to Measure the Low-Earth-Orbit Atomic Oxygen
Erosion of Polymers
deGroh, Kim D.; Banks, Bruce A.; Clark, Gregory W.; Hammerstrom, Anne; Youngstrom, Erica; Kaminski, Carolyn; Fine,
Elizabeth; Marx, Laura; Research and Technology 2000; March 2001; 3 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

A recession measurement technique has been developed at the NASA Glenn Research Center to determine the atomic
oxygen durability of polymers exposed to the space environment for short durations. Polymers such as polyimide Kapton and
Teflon FEP (fluorinated ethylene propylene, DuPont) are commonly used in spacecraft because of their desirable properties,
such as flexibility, low density, and in the case of FEP, low solar absorptance and high thermal emittance. Polymers on the
exterior of spacecraft in the low- Earth-orbit environment are exposed to energetic atomic oxygen, resulting in erosion and
potential structural loss. It is, therefore, important to understand the atomic oxygen erosion yield (E, the volume loss per
incident oxygen atom) of polymers being considered in spacecraft design. Because long-term space exposure data are rare and
very costly, short-term exposures, such as on the space shuttles, are often relied on for atomic oxygen erosion determination.
The most common technique for determining E is through mass-loss measurements. For limited-duration exposure
experiments, such as shuttle flight experiments, the atomic oxygen fluence is often so small that mass-loss measurements are
not sensitive enough. Therefore, a recession measurement technique has been developed at Glenn to obtain accurate erosion
yields of polymers exposed to low atomic oxygen fluences.
Derived from text
Exposure; Losses; Low Earth Orbits; Oxygen Atoms; Polyimides; Thermal Emission

20050201881 NASA Glenn Research Center, Cleveland, OH, USA
Environment-Conscious Ceramics (Ecoceramics) Technology Received 2001 R&D 100 Award
Singh, Mrityunjay; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; AO1,
Hardcopy

Since the dawn of human civilization, there has been a delicate balance between the use of resources as human frontiers
expanded and the need to have a minimum influence on the ecosystem. The first 200 years of the industrial revolution
essentially solved the problem of production. However, the massive production of goods also generated tremendous amounts
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of byproducts and wastes. In the new millennium, to sustain a healthy life in harmony with nature, it will be extremely
important for us to develop various materials, products, and processes that minimize any harmful influence on the
environment. Environment-conscious ceramics (ecoceramics) are a new class of materials that can be fabricated with
renewable resources (wood) and wood waste material (wood sawdust). Wood is a ‘lignocellulosic’ material formed by the
photosynthetic reaction within the needles or leaves of trees. The photosynthesis process uses sunlight to take carbon dioxide
from air and convert it into oxygen and organic materials. Wood has been known to be one of the best and most intricate
engineering materials created by nature and known to mankind. In addition, natural woods of various types are available
throughout the world. On the other hand, wood sawdusts are generated in abundant quantities by sawmills. Environment-
conscious ceramic materials, fabricated via the pyrolysis and infiltration of natural wood-derived preforms, have tailorable
properties with numerous potential applications. The experimental studies conducted to date on the development of materials
based on biologically derived structures indicate that these materials behave like ceramic materials manufactured by
conventional approaches. These structures have been shown to be quite useful in producing porous or dense materials having
various microstructures and compositions.

Derived from text

Wood; By-Products; Dust; Ceramic Matrix Composites; Recycling; Organic Materials

20050201882 NASA Glenn Research Center, Cleveland, OH, USA
High-Glass-Transition-Temperature Polyimides Developed for Reusable Launch Vehicle Applications
Chuang, Kathy; Ardent, Cory P.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI,
AO1, Hardcopy

Polyimide composites have been traditionally used for high-temperature applications in aircraft engines at temperatures
up to 550 F (288 C) for thousands of hours. However, as NASA shifts its focus toward the development of advanced reusable
launch vehicles, there is an urgent need for lightweight polymer composites that can sustain 600 to 800 F (315 to 427 C) for
short excursions (hundreds of hours). To meet critical vehicle weight targets, it is essential that one use lightweight,
high-temperature polymer matrix composites in propulsion components such as turbopump housings, ducts, engine supports,
and struts. Composite materials in reusable launch vehicle components will heat quickly during launch and reentry.
Conventional composites, consisting of layers of fabric or fiber-reinforced lamina, would either blister or encounter
catastrophic delamination under high heating rates above 300 C. This blistering and delamination are the result of a sudden
volume expansion within the composite due to the release of absorbed moisture and gases generated by the degradation of the
polymer matrix. Researchers at the NASA Glenn Research Center and the Boeing Company (Long Beach, CA) recently
demonstrated a successful approach for preventing this delamination--the use of three-dimensional stitched composites
fabricated by resin infusion.
Derived from text
Composite Materials; Delaminating; Fabrication; Fiber Composites; Glass Transition Temperature; Polyimides

20050201887 NASA Glenn Research Center, Cleveland, OH, USA
Effect of Environment on the Stress- Rupture Behavior of a C/SiC Composite Studied
Verrilli, Michael J.; Kiser, J. Douglas; Opila, Elizabeth J.; Calomino, Anthony M.; Research and Technology 2001; March
2002; 4 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy

Advanced reusable launch vehicles will likely incorporate fiber-reinforced ceramic matrix composites (CMC’s) in critical
propulsion and airframe components. The use of CMC'’s is highly desirable to save weight, improve reuse capability, and
increase performance. One of the candidate CMC materials is carbon-fiber-reinforced silicon carbide (C/SiC). In potential
propulsion applications, such as turbopump rotors and nozzle exit ramps, C/SiC components will be subjected to a service
cycle that includes mechanical loading under complex, high-pressure environments containing hydrogen, oxygen, and steam.
Degradation of both the C fibers and the SiC matrix are possible in these environments. The objective of this effort was to
evaluate the mechanical behavior of C/SiC in various environments relevant to reusable launch vehicle applications.
Stress-rupture testing was conducted at the NASA Glenn Research Center on C/SiC specimens in air and steam-containing
environments. Also, the oxidation kinetics of the carbon fibers that reinforce the composite were monitored by
thermogravimetric analysis in the same environments and temperatures used for the stress-rupture tests of the C/SiC composite
specimens. The stress-rupture lives obtained for C/SiC tested in air and in steam/argon mixtures are shown in the following
bar chart. As is typical for most materials, lives obtained at the lower temperature (600 C) are longer than for the higher
temperature (1200 C). The effect of environment was most pronounced at the lower temperature, where the average test
duration in steam at 600 C was at least 30 times longer than the lives obtained in air. The 1200 C data revealed little difference
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between the lives of specimens tested in air and steam at atmospheric pressure.
Author
Mechanical Properties; Stress Measurement;, Thermogravimetry;, Ceramic Matrix Composites; Environmental Tests

20050201903 NASA Glenn Research Center, Cleveland, OH, USA, Hathaway Brown School, Shaker Heights, OH, USA
MISSE PEACE Polymers: An International Space Station Environmental Exposure Experiment Being Conducted
deGroh, Kim K.; Banks, Bruce A.; Hammerstrom, Anne; Youngstrom, Erica; Kaminski, Carolyn; Marx, Laura; Fine,
Elizabeth; Gummow, Jonathan D.; Wright, Douglas; Research and Technology 2001; March 2002; 3 pp.; In English; No
Copyright; Avail: CASI; AO1, Hardcopy

As part of the Materials International Space Station Experiment (MISSE), 41 different polymers are being exposed for
approximately 1 1/2 years to the low-Earth-orbit (LEO) environment on the exterior of the International Space Station. MISSE
is a materials flight experiment sponsored by the Air Force Research Lab/Materials Lab and NASA, and is the first external
experiment on the space station. A similar set of 41 polymers will be flown as part of the Polymer Erosion and Contamination
Experiment (PEACE) a shuttle flight experiment that is being developed at the NASA Glenn Research Center collaboratively
with the Hathaway Brown School for girls. Therefore, these 41 polymers are collectively called the MISSE PEACE Polymers.
The purpose of the MISSE PEACE Polymers experiment is to determine how durable polymers are in the LEO space
environment where spacecraft, such as the space station, orbit. Polymers are commonly used as spacecraft materials because
of their desirable properties such as good flexibility, low density, and certain electrical properties or optical properties (such
as a low solar absorptance and high thermal emittance). Two examples of the use of polymers on the exterior of spacecraft
exposed to the space environment include metalized Teflon FEP (fluorinated ethylene propylene, DuPont) thermal control
materials on the Hubble Space Telescope, and polyimide Kapton (DuPont) solar array blankets.
Derived from text
Aerospace Environments; Contamination; Durability; Erosion; Ethylene; Thermal Emission

20050201904 NASA Glenn Research Center, Cleveland, OH, USA, NASA Goddard Space Flight Center, Greenbelt, MD,
USA
Physical and Thermal Properties Evaluated of Teflon FEP Retrieved From the Hubble Space Telescope During Three
Servicing Missions
Dever, Joyce A.; deGroh, Kim, K.; Sutter, James K.; Gaier, James R.; Messer, Russell, K.; Scheiman, Daniel A.; McClendon,
Mark W.; Viens, Michael J.; Wang, L. Len; He, Charles C.; Gummow, Jonathan D.; Research and Technology 2001; March
2002; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy

Mechanical properties of aluminized Teflon fluorinated ethylene propylene (FEP) thermal control materials on the Hubble
Space Telescope (HST) exposed to low Earth orbit for up to 9.7 years have significantly degraded, with extensive cracking
occurring on orbit. The NASA Glenn Research Center and the NASA Goddard Space Flight Center have collaborated on
analyzing the physical and thermal properties of aluminized FEP (FEP-Al, DuPont) materials retrieved in December 1999
during HST’s third servicing mission (SM3A). Comparisons have been made to properties of FEP-Al retrieved during the first
and second HST servicing missions, SM1 and SM2, in order to determine degradation processes for FEP on HST.
Derived from text
Teflon (Trademark); Thermodynamic Properties; Degradation; Mechanical Properties

20050203962 Florida Univ., Gainesville, FL., USA
The features of self-assembling organic bilayers important to the formation of anisotropic inorganic materials in
microgravity conditions
Talham, Daniel R.; Adair, James H.; [2005]; 8 pp.; In English
Contract(s)/Grant(s): NAGS8-1675; No Copyright; Avail: CASI; A02, Hardcopy

Materials with directional properties are opening new horizons in a variety of applications including chemistry,
electronics, and optics. Structural, optical, and electrical properties can be greatly augmented by the fabrication of composite
materials with anisotropic microstructures or with anisotropic particles uniformly dispersed in an isotropic matrix. Examples
include structural composites, magnetic and optical recording media, photographic film, certain metal and ceramic alloys, and
display technologies including flat panel displays. The new applications and the need for model particles in scientific
investigations are rapidly out-distancing the ability to synthesize anisotropic particles with specific chemistries and narrowly
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distributed physical characteristics (e.g. size distribution, shape, and aspect ratio).
Derived from text
Anisotropy; Composite Materials; Microgravity;, Organic Materials; Inorganic Materials

20050203973 NASA Glenn Research Center, Cleveland, OH, USA
Epoxy Crosslinked Silica Aerogels (X-Aerogels)
fabrizio, Eve; Ilhan, Faysal; Meador, Mary Ann; Johnston, Chris; Leventis, Nicholas; [2004]; 1 pp.; In English; 227th
National American Chemical Society Meeting, 28 Mar. - 1 Apr. 2004, Anaheim, CA, USA
Contract(s)/Grant(s): 22-708-93-11
Report No.(s): Paper 711229; No Copyright; Avail: Other Sources; Abstract Only

NASA is interested in the development of strong lightweight materials for the dual role of thermal insulator and structural
component for space vehicles; freeing more weight for useful payloads. Aerogels are very-low density materials (0.010 to 0.5
g/cc) that, due to high porosity (meso- and microporosity), can be, depending on the chemical nature of the network, ideal
thermal insulators (thermal conductivity approx. 15 mW/mK). However, aerogels are extremely fragile. For practical
application of aerogels, one must increase strength without compromising the physical properties attributed to low density.
This has been achieved by templated growth of an epoxy polymer layer that crosslinks the ‘pearl necklace’ network of
nanoparticles: the framework of a typical silica aerogel. The requirement for conformal accumulation of the epoxy crosslinker
is reaction both with the surface of silica and with itself. After cross-linking, the strength of a typical aerogel monolith
increases by a factor of 200, in the expense of only a 2-fold increase in density. Strength is increased further by coupling
residual unreacted epoxides with diamine.
Author
Aerogels; Xerogels; Silica Gel; Crosslinking

20050203985 NASA Glenn Research Center, Cleveland, OH, USA
Corrosion Issues for Ceramics in Gas Turbines
Jacobson, Nathan; Opila, Elizabeth; Nickel, Klaus G.; [2004]; 1 pp.; In English; 28th Annual International Conference and
Exposition on Advanced Ceramics and Composites, 25-30 Jan. 2004, Cocoa Beach, FL, USA
Contract(s)/Grant(s): 22-714-30-09; No Copyright; Avail: Other Sources; Abstract Only

The requirements for hot-gas-path materials in gas turbine engines are demanding. These materials must maintain high
strength and creep resistance in a particularly aggressive environment. A typical gas turbine environment involves high
temperatures, rapid gas flow rates, high pressures, and a complex mixture of aggressive gases. Over the past forty years, a
wealth of information on the behavior of ceramic materials in heat engine environments has been obtained. In the first part
of the talk we summarize the behavior of monolithic SiC and Si3N4. These materials show excellent baseline behavior in
clean, oxygen environments. However the aggressive components in a heat engine environment such as water vapor and salt
deposits can be quite degrading. In the second part of the talk we discuss SiC-based composites. The critical issue with these
materials is oxidation of the fiber coating. We conclude with a brief discussion of future directions in ceramic corrosion
research.
Author
Silicon Carbides; Ceramics; Corrosion; High Temperature Environments; Engine Parts; Silicon Nitrides

28
PROPELLANTS AND FUELS
Includes rocket propellants, igniters, and oxidizers; their storage and handling procedures; and aircraft fuels. For nuclear fuels see 73

Nuclear Physics. For related information see also 07 Aircraft Propulsion and Power; 20 Spacecraft Propulsion and Power, and 44
Energy Production and Conversion.

20050200896 Naval Postgraduate School, Monterey, CA USA
Comparison of the Price and Volatility of Current and Alternative Models for the Acquisition of Direct Supply Natural
Gas for the Department of Defense
Haycook, Margot; Jun. 2005; 81 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435519; No Copyright; Avail: Defense Technical Information Center (DTIC)

The Department of Defense (DoD) is the largest user of energy in the nation. DoD utilizes the Defense Energy Support
Center (DESC) to procure a large portion of its natural gas. In this study it will be determined if the current buying approach
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utilized by DESC or an alternative approach present a better method to reduce the pricing risks associated with market timing
and volatility. In order to determine how market timing and volatility affect purchasing, historical data for actual monthly
prices of the current program and data from market pricing indices for a statistical model were analyzed. The data for the
current model and the statistical model were compared using averages prices and standard deviation to determine which model
provided better overall results. The analysis proved that by entering the market to purchase natural gas more frequently and
using firm fixed price contracts results in an overall lower average price with less variability than using the current method
of purchasing. This study recommends that DESC consider a pilot program, beginning in the northeast region, where the
current purchasing model produces the most volatility in pricing, to develop a procurement program which will support
stabilized pricing for its DoD customers.

DTIC

Cost Analysis; Defense Program; Natural Gas; Volatility

20050201060 Operational Technologies Corp., Beavercreek, OH USA
Provisional Reference Dose for the Aromatic Fraction of Jet Fuel: Insight into Complex Mixtures
Sterner, Teresa R.; Vohees, Donna J.; Smith, Peter B.; Green, John B.; Mattie, David R.; Weisman, Wade H.; Apr. 2005;
23 pp.; In English
Contract(s)/Grant(s): F41624-97-C-9013; Proj-1710
Report No.(s): AD-A435824; AFRL-HE-WP-TR-2004-0125; No Copyright; Avail: CASI; A03, Hardcopy

Previous efforts to define toxicity criteria for human health risk assessment of complex petroleum mixtures use health
effects information for only a subset of the chemicals in such mixtures. The Total Petroleum Hydrocarbon Criteria Working
Group (TPHCWG) developed a practical alternative by defining all petroleum mixtures as thirteen carbon number range
fractions based on expected transport characteristics following release to the environment. The TPHCWG developed toxicity
criteria for each fraction using all available data, prioritizing mixture toxicity information. However, limited toxicity data were
available to represent the fractions, including the EC\g8 - EC16 aromatic fraction, which is believed to be one of the more
toxic fractions. To address this data gap, a 90-day oral gavage toxicity study was conducted in female Sprague-Dawley rats
and male CS7BL/6 mice to characterize toxic effects of the EC\g8 - EC16 aromatic fraction of Jet Fuel A. Animals were dosed
at 0, 20, 100 and 500 mg/kg/day.
DTIC
Dosage; Jet Engine Fuels; Toxicity

20050203875 NASA Glenn Research Center, Cleveland, OH, USA
Liquid Oxygen Propellant Densification Unit Ground Tested With a Large-Scale Flight-Weight Tank for the X-33
Reusable Launch Vehicle
Tomsik, Thomas M.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

Propellant densification has been identified as a critical technology in the development of single-stage-to-orbit reusable
launch vehicles. Technology to create supercooled high-density liquid oxygen (LO2) and liquid hydrogen (LH2) is a key
means to lowering launch vehicle costs. The densification of cryogenic propellants through subcooling allows 8 to 10 percent
more propellant mass to be stored in a given unit volume, thereby improving the launch vehicle’s overall performance. This
allows for higher propellant mass fractions than would be possible with conventional normal boiling point cryogenic
propellants, considering the normal boiling point of LO2 and LH2.
Derived from text
Liquid Oxygen; Ground Tests; Reusable Launch Vehicles; Cryogenic Rocket Propellants

20050203888 National Center for Microgravity Research on Fluids and Combustion, Cleveland, OH, USA
Structure of Propagating and Attached Hydrocarbon Flames
Takahashi, Fumiaki; Katta, Viswanath; [2004]; 1 pp.; In English; 2004 Technical Meeting of the Central States Section of the
Combustion Institute, 21-23 Mar. 2004, Austin, TX, USA
Contract(s)/Grant(s): NCC3-975; WBS 22-101-58-09; No Copyright; Avail: Other Sources; Abstract Only

Direct numerical simulations with C3-chemistry and radiative heat-loss models have been performed to reveal the internal
structure of propagating and attached flames in an axisymmetric fuel jet of methane, ethane, ethylene, acetylene, or propane
in air under normal and zero gravity. Observations of the flames were also made at the NASA Glenn 2.2-Second Drop Tower.
In computations, the fuel issued into quasi-quiescent air for a fixed mixing time before it was ignited along the centerline at
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stoichiometry. The edge of the flame propagated through a flammable layer at the laminar flame speed of the stoichiometric
fuel-air mixture independent of gravity. For all cases, a peak reactivity spot, i.e., reaction kernel, was formed in the flame base,
thereby holding a trailing diffusion flame. The location of the reaction kernel in the attached flames depended inversely on the
reactivity. The reaction-kernel correlations between the reactivity and the velocity were developed further using variables
related to local Damkahler and Peclet numbers.

Author

Flame Propagation; Hydrocarbon Fuels; Methane; Ethane; Ethylene; Acetylene; Propane

20050203889 NASA Glenn Research Center, Cleveland, OH, USA
MEA Failure Mechanisms in PEM Fuel Cells Operated on Hydrogen and Oxygen
Stanic, Vesna; Hoberecht, Mark; [2004]; 1 pp.; In English; 2004 Fuel Cell Seminar, 1-5 Nov. 2004, San Antonio, TX, USA
Contract(s)/Grant(s): NAS3-02203; No Copyright; Avail: CASI; AO1, Hardcopy
No abstract available
Failure; Fuel Cells; Hydrogen; Oxygen

20050203921 Edith Cowan Univ., Mount Lawley, Australia
Ballistics Image Visualisation and Processing for an Internet Firearm Identification System
Li, Dong-Guang; Conference on Advances in Internet Technologies and Applications, with Special Emphasis on E-Education,
E-Enterprise, E-Manufacturing, E-Mobility, and Related Issues (CAITA-2004); [2004]; 7 pp.; In English; See also
20050203892; Original contains color illustrations; Copyright; Avail: CASI; A02, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

The cartridge case image database for positive firearm identification is a part of the ballistics firearm identification system,
Fireball, developed at Edith Cowan University (ECU) for Australian police. Web based tools for querying, visualising and
simple image processing the cartridge case image from the database have been developed. This paper will briefly describe this
system and give details of these tools. The paper will discuss the application of the imaging technique to online processing,
and the potential of the technique for on-line image matching. Web Interface of the Fireball on-line system developed by the
Information Visualisation and Soft Computing Lab at ECU will be presented, and analyses of the images will be conducted.
Author
Ballistics; Image Processing, Internets; Scientific Visualization, Gunfire

20050203968 NASA Glenn Research Center, Cleveland, OH, USA
Hydrogen-Oxygen PEM Regenerative Fuel Cell at NASA Glenn Research Center
Bents, David J.; March 08, 2004; 2 pp.; In English; Fuel Cell Seminar, Nov. 2004, San Antonio, TX, USA
Contract(s)/Grant(s): 22-708-02-04; No Copyright; Avail: CASI; AO1, Hardcopy

The NASA Glenn Research Center has constructed a closed-cycle hydrogen-oxygen PEM regenerative fuel cell (RFC)
to explore its potential use as an energy storage device for a high altitude solar electric aircraft. Built up over the last 2 years
from specialized hardware and off the shelf components the Glenn RFC is a complete ‘brassboard’ energy storage system
which includes all the equipment required to (1) absorb electrical power from an outside source and store it as pressurized
hydrogen and oxygen and (2) make electrical power from the stored gases, saving the product water for re-use during the next
cycle. It consists of a dedicated hydrogen-oxygen fuel cell stack and an electrolyzer stack, the interconnecting plumbing and
valves, cooling pumps, water transfer pumps, gas recirculation pumps, phase separators, storage tanks for oxygen (O2) and
hydrogen (H2), heat exchangers, isolation valves, pressure regulators, nitrogen purge provisions, instrumentation, and other
components. It specific developmental functions include: (1) Test fuel cells and fuel cell components under repeated
closed-cycle operation (nothing escapes; everything is used over and over again). (2) Simulate diurnal charge-discharge cycles
(3) Observe long-term system performance and identify degradation and loss mechanisms. (4) Develop safe and convenient
operation and control strategies leading to the successful development of mission-capable, flight-weight RFC’s.
Author
Regenerative Fuel Cells, Diurnal Variations; Energy Storage; Fluid Flow; Vapor Phases; Pressure Regulators

20050203969 NASA Glenn Research Center, Cleveland, OH, USA

Unitized Regenerative Fuel Cell System Model Development

Burke, Kenneth A.; Jakupca, Ian; December 12, 2003; 1 pp.; In English; Fuel Cell Seminar, 1-5 Nov. 2004, San Antonio, TX,
USA

Contract(s)/Grant(s): WBS 319-20-J1; No Copyright; Avail: Other Sources; Abstract Only
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A Unitized Regenerative Fuel Cell (URFC) Energy Storage System is being developed at the NASA Glenn Research
Center. This URFC system is unique in that it uses the surface area of the hydrogen and oxygen storage tanks as radiating heat
surfaces for overall thermal control of the system. The tank surfaces also play an important role in the temperature control of
regenerative gas dryers/humidifiers used to dry the hydrogen and oxygen gases produced by electrolysis during the charging
and also used to humidify the hydrogen and oxygen gases used by fuel cell during the discharging of the URFCS. A bi-
directional pressure controller is used to control the pressure of the oxygen and hydrogen gas inside the URFC stack during
both charging and discharging of the URFC system. A water storage accumulator is used to store water reactant and control
water pressure inside the URFC stack.

Author
Drying Apparatus; Regenerative Fuel Cells; Storage Tanks; Gas Pressure; Energy Storage

29
SPACE PROCESSING
Includes space-based development of materials, compounds, and processes for research or commercial application. Also includes the

development of materials and compounds in simulated reduced-gravity environments. For legal aspects of space commercialization see
84 Law, Political Science and Space Policy.

20050199445 NASA Glenn Research Center, Cleveland, OH, USA
Ceiling Fires Studied to Simulate Low-Gravity Fires
Olson, Sandra L.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
A unique new way to study low-gravity flames in normal gravity has been developed. To study flame structure and
extinction characteristics in low-stretch environments, a normal gravity low-stretch diffusion flame was generated using a
cylindrical PMMA sample of varying large radii, as shown in the photograph. These experiments have demonstrated that
low-gravity flame characteristics can be generated in normal gravity through the proper use of scaling. On the basis of this
work, it is feasible to apply this concept toward the development of an Earth-bound method of evaluating material
flammability in various gravitational environments from normal gravity to microgravity, including the effects of partial gravity
low-stretch rates such as those found on the Moon (1/6g) or Mars (1/3g). During these experiments, the surface regression
rates for PMMA were measured for the first time over the full range of flammability in air, from blowoff at high stretch, to
quenching at low stretch, as plotted in the graph. The solid line drawn through the central portion of the data (3\ha\h100 sec-1)
has a slope of unity, which indicates regression is proportional to stretch. The figure coordinates assume that the values of
stretch are equivalent, whether derived from forced stretch or from buoyant stretch. The excellent correlation of the
regression-rate data over the two-order-of-magnitude variation of stretch shows the reasonableness of this assumption.
Derived from text
Fires; Flames; Flammability; Gravitational Effects

20050199447 National Center for Microgravity Research on Fluids and Combustion, Cleveland, OH, USA
Spread Across Liquids Continues to Fly
Miller, Fletcher J.; Research and Technology 2000; March 2001; 3 pp.; In English; No Copyright; Avail: CASI; AO1,
Hardcopy

The physics and behavior of a flame spreading across a flammable liquid is an active area of research at the NASA Glenn
Research Center. Spills of fuels and other liquids often result in considerable fire hazards, and much remains unknown about
the details of how a flame, once ignited, moves across a pool. The depth of the liquid or size of the spill, the temperature, and
wind, if any, can all complicate the combustion processes. In addition, with the advent of the International Space Station there
may be fire hazards associated with cleaning, laboratory, or other fluids in space, and it is essential to understand the role that
gravity plays in such situations. The Spread Across Liquids (SAL) experiment is an experimental and computational effort
dedicated to understanding the detailed mechanisms of flame spread across a flammable liquid initially below its flashpoint
temperature. The experimental research is being carried out in-house by a team of researchers from Glenn, the National Center
for Microgravity Combustion, and Zin Technologies, with computer modeling being provided via a grant with the University
of California, Irvine. Glenn’s Zero Gravity Facility is used to achieve short microgravity periods, and normal gravity testing
is done in the Space Experiments Laboratory. To achieve longer periods of microgravity, the showcase SAL hardware flies
aboard a sounding rocket launched from White Sands Missile Range, New Mexico, approximately once per year. In addition
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to extended microgravity, this carrier allows the use of detailed diagnostics that cannot be employed in a drop tower.
Derived from text
Flame Propagation; Computerized Simulation; Combustion Physics; Microgravity

20050199452 NASA Glenn Research Center, Cleveland, OH, USA
Growth and Morphology of Supercritical Fluids, a Fluid Physics Experiment Conducted on Mir, Complete
Wilkinson, R. Allen; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

The Growth and Morphology of Supercritical Fluids (GMSF) is an international experiment facilitated by the NASA
Glenn Research Center and under the guidance of U.S. principal investor Professor Hegseth of the University of New Orleans
and three French coinvestigators: Daniel Beysens, Yves Garrabos, and Carole Chabot. The GMSF experiments were concluded
in early 1999 on the Russian space station Mir. The experiments spanned the three science themes of near-critical phase
separation rates, interface dynamics in near-critical boiling, and measurement of the spectrum of density fluctuation length
scales very close to the critical point. The fluids used were pure CO2 or SF6. Three of the five thermostats used could adjust
the sample volume with the scheduled crew time. Such a volume adjustment enabled variable sample densities around the
critical density as well as pressure steps (as distinct from the usual temperature steps) applied to the sample. The French-built
ALICE II facility was used for these experiments. It allows tightly thermostated (left photograph) samples (right photograph)
to be controlled and viewed/measured. Its diagnostics include interferometry, shadowgraph, high-speed pressure
measurements, and microscopy. Data were logged on DAT tapes, and PCMCIA cards and were returned to Earth only after
the mission was over. The ground-breaking near critical boiling experiment has yielded the most results with a paper published
in Physical Review Letters (ref. 1). The boiling work also received press in Science Magazine (ref. 2). This work showed that,
in very compressible near-critical two-phase pure fluids, a vapor bubble was induced to temporarily overheat during a rapid
heating of the sample wall. The temperature rise in the vapor was 23-percent higher than the rise in the driving container wall.
The effect is due to adiabatic compression of the vapor bubble by the rapid expansion of fluid near the boundary during heatup.
Thermal diffusivity is low near the critical point, so getting heat out of the compressed bubble is observably slow. This gives
the appearance of a backward heat flow, or heat flow from a cold surface to a warm fluid.
Author
Supercritical Fluids; Morphology; Thermal Diffusivity; Fluid Dynamics, Heat Transmission

20050199456 NASA Glenn Research Center, Cleveland, OH, USA
Multiuser Droplet Combustion Apparatus Developed to Conduct Combustion Experiments
Myhre, Craig A.; Research and Technology 2000; March 2001; 3 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
A major portion of the energy produced in the world today comes from the combustion or burning of liquid hydrocarbon
fuels in the form of droplets. However, despite vigorous scientific examinations for over a century, researchers still lack a full
understanding of many fundamental combustion processes of liquid fuels. Understanding how these fuel droplets ignite,
spread, and extinguish themselves will help us develop more efficient ways of energy production and propulsion, as well as
help us deal better with the problems of combustion-generated pollution and fire hazards associated with liquid combustibles.
The ability to conduct more controlled experiments in space, without the complication of gravity, provides scientists with an
opportunity to examine these complicated processes closely. The Multiuser Droplet Combustion Apparatus (MDCA) supports
this continued research under microgravity conditions. The objectives are to improve understanding of fundamental droplet
phenomena affected by gravity, to use research results to advance droplet combustion science and technology on Earth, and
to address issues of fire hazards associated with liquid combustibles on Earth and in space. MDCA is a multiuser facility
designed to accommodate different combustion science experiments. The modular approach permits the on-orbit replacement
of droplet combustion principal investigator experiments such as different fuels, droplet-dispensing needles, and droplet-
tethering mechanisms. Large components such as the avionics, diagnostics, and base-plate remain on the International Space
Station to reduce the launch mass of new experiments. MDCA is also designed to operate in concert with ground systems on
Earth to minimize the involvement of the crew during orbit.
Author
Drops (Liquids); Combustion Physics, Microgravity; Liquid Fuels;, Hydrocarbon Fuels; Combustion

20050199457 NASA Glenn Research Center, Cleveland, OH, USA

Combustion Module-2 Preparations Completed for SPACEHAB Mission Including the Addition of a New Major
Experiment

Over, Ann P.; Research and Technology 2000; March 2001; 4 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
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The Combustion Module-1 (CM-1) was a large, state-of-the-art space shuttle Spacelab facility that was designed, built,
and operated on STS-83 and STS-94 by a team from the NASA Glenn Research Center composed of civil servants and local
support contractors (Analex and Zin Technologies). CM-1 accomplished the incredible task of providing a safe environment
to support flammable and toxic gases while providing a suite of diagnostics for science measurements more extensive than
any prior shuttle experiment (or anything since). Finally, CM-1 proved that multiple science investigations can be
accommodated in one facility, a crucial step for Glenn’s Fluids and Combustion Facility developed for the International Space
Station. However, the story does not end with CM-1. In 1998, CM-2 was authorized to take the CM-1 accomplishments a big
step further by completing three major steps: Converting the entire experiment to operate in a SPACEHAB module.
Conducting an extensive hardware refurbishment and upgrading diagnostics (e.g., cameras, gas chromatograph, and numerous
sensors). Adding a new, completely different combustion experiment.

Derived from text
Combustion Chambers; Spaceborne Experiments; Spacecraft Modules; Diagnosis; Flammable Gases

20050199465 NASA Glenn Research Center, Cleveland, OH, USA
Microgravity Emissions Laboratory Developed
Goodnight, Thomas W.; McNelis, Anne M.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright;
Avail: CASI; AO1, Hardcopy

The Microgravity Emissions Laboratory (MEL) was developed for the support, simulation, and verification of the
International Space Station microgravity environment. The MEL utilizes an inertial measurement system using acceleration
emissions generated by various operating components of the space station. These emissions, if too large, could hinder the
science performed on the space station by disturbing the microgravity environment. Typical test components are disk drives,
pumps, motors, solenoids, fans, and cameras. These components will produce inertial forces, which disturb the microgravity
on-orbit station environment. These components, usually housed within a station rack, must meet acceleration limits imposed
at the rack interface for minimizing the onboard station-operating environment. The NASA Glenn Research Center developed
this one-of-a-kind laboratory for testing components and, eventually, rack-level configurations. The MEL approach is to
measure the component’s generated inertial forces. This force is a product of the full diagonal mass matrix including the test
setup (the center of gravity, mass moment of inertia, and weight) and the resolved diagonal rigid-body acceleration determined
from measurements using the 10 apparatus accelerometers. The mass matrix can be test derived. The bifilar torsional
pendulum method is used to measure the moment of inertia for the test component.
Derived from text
Cameras; Microgravity; Inertia; Accelerometers

20050199468 NASA Glenn Research Center, Cleveland, OH, USA
Microarthroscopy System With Image Processing Technology Developed for Minimally Invasive Surgery
Steele, Gynelle C.; Research and Technology 2000; March 2001; 1 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

In a joint effort, NASA, Micro Medical Devices, and the Cleveland Clinic have developed a microarthroscopy system
with digital image processing. This system consists of a disposable endoscope the size of a needle that is aimed at expanding
the use of minimally invasive surgery on the knee, ankle, and other small joints. This device not only allows surgeons to make
smaller incisions (by improving the clarity and brightness of images), but it gives them a better view of the injured area to
make more accurate diagnoses. Because of its small size, the endoscope helps reduce physical trauma and speeds patient
recovery. The faster recovery rate also makes the system cost effective for patients. The digital image processing software used
with the device was originally developed by the NASA Glenn Research Center to conduct computer simulations of satellite
positioning in space. It was later modified to reflect lessons learned in enhancing photographic images in support of the
Center’s microgravity program. Glenn’s Photovoltaic Branch and Graphics and Visualization Lab (G-VIS) computer
programmers and software developers enhanced and speed up graphic imaging for this application. Mary Vickerman at Glenn
developed algorithms that enabled Micro Medical Devices to eliminate interference and improve the images.
Author
Computerized Simulation; Diagnosis; Endoscopes; Image Processing; Medical Equipment; Microgravity

20050201799 NASA Glenn Research Center, Cleveland, OH, USA

Microgravity Experiments on Bubble Removal in the Hydrodynamic Focusing Bioreactor - Space (HFB-S)

Nahra, H. K.; Niederhaus, C. E.; Robinson, S.; Hudson, E.; Geffert, S. K.; Lupo, P. J.; Gonda, S. R.; Kleis, S. J.; Kizito, J.
P.; January 2005; 1 pp.; In English; 2004 NASA Cell Science Conference, 26-28 Feb. 2004, Palo Alto, CA, USA
Contract(s)/Grant(s): RTOP 101-51-0A; Copyright; Avail: Other Sources; Abstract Only
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The Hydrodynamic Focusing Bioreactor-Space (HFB-S) is being developed as a possible replacement for the Rotating
Wall Perfused Vessel (RWPV) bioreactor currently planned for use on the International Space Station (ISS). The HFB-S is
being developed with the ability to remove gas bubbles that may inadvertently enter the system during long duration
experiments (approx. 1-3 months). The RWPYV has been used in the past with great success on Shuttle flights and Mir missions,
but has occasionally experienced problems with gas bubbles entering the fluid-filled vessel. These bubbles are harmful to the
cell science, and bubble removal in the RWPV is problematic. The HFB-S has an access port on the rotation axis that allows
for bubble removal under specific operating conditions without detrimentally affecting the cell tissue. Experiments on bubble
removal with the HFB-S were conducted in the microgravity environment on NASA’s KC-135 Reduced Gravity Aircraft. The
first set of flights provided useful data on bubble trajectories that are validating computational predictions. The second set of
flights free-floated the apparatus and tested the most recent configuration of the bioreactor while focusing on the bubble
removal process itself. These experiments have shown that gas bubbles can successfully be driven to the removal port and
purged in microgravity. The last day’s experiments had an excellent microgravity environment due to calm air, and the
experience gained in previous flights allowed successful bubble removal 18 out of 35 tries, remarkable given the microgravity
time constraints and g-jitter on the KC-135.

Author
Microgravity;, Weightlessness Simulation; Bubbles; Bioreactors

31
ENGINEERING (GENERAL)

Includes general research topics related to engineering and applied physics, and particular areas of vacuum technology, industrial
engineering, cryogenics, and fire prevention. For specific topics in engineering see categories 32 through 39.

20050200895 Mitre Corp., McLean, VA USA

Tactical Infrasound

Stubbs, Christopher; Brenner, Michael; Bildsten, Lars; Dimotakis, Paul; Flatte, Stanley; Goodman, Jeremy; Hearing, Brian;
Max, Claire; Schwitters, Roy; Tonry, John; May 2005; 73 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435517; JSR-03-520; No Copyright; Avail: Defense Technical Information Center (DTIC)

JASON was asked to assist the U.S. Army’s National Ground Intelligence (NGIC) in finding ways to enhance the
effectiveness of infrasound monitoring. In addition, we were also tasked with determining whether infrasound monitoring was
likely to provide information of value in other intelligence venues.

DTIC
Infrasonic Frequencies; Intelligence

20050200925 Army Test and Evaluation Command, Aberdeen Proving Ground, MD USA

Standardized UXO Technology Demonstration Site: Open Field Scoring Record No. 364

Overbay, Larry, Jr.; Boutin, Matthew; Archiable, Robert; McClung, Christina; Robitaille, George; May 2005; 56 pp.; In
English; Original contains color illustrations

Contract(s)/Grant(s): Proj-8-CO-160-UX0-021

Report No.(s): AD-A435577; ATC-8980; No Copyright; Avail: Defense Technical Information Center (DTIC)

This scoring record documents the efforts of U.S. Army Corps of Engineers Engineering Research and Development
Center (ERDC) to detect and discriminate inert unexploded ordnance (UXO) utilizing the YPG Standardized UXO
Technology Demonstration Site Open Field. the scoring record was coordinated by Larry Overbay and the Standardized UXO
Technology Demonstration Site Scoring Committee. Organizations on the committee include the U.S. Army Corps of
Engineers, the Environmental Security Technology Certification Program, the Strategic Environmental Research and
Development Program, the Institute for Defense Analyses, the U.S. Army Environmental Center, and the U.S. Army Aberdeen
Test Center.

DTIC
Ammunition; Ordnance; Scoring, Standardization

20050200944 Army Test and Evaluation Command, Aberdeen Proving Ground, MD USA

Standardized UXO Technology Demonstration Site Open Field Scoring Record No. 442

Overbay, Larry, Jr.; Boutin, Matthew; Archiable, Robert; Fling, Rick; McClung, Christina; Robitaille, George; May 2005;
96 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435625; ATC-8982; No Copyright; Avail: Defense Technical Information Center (DTIC)
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This scoring record documents the efforts of Human Factors Applications, Inc. to detect and discriminate inert unexploded
ordnance (UXO) unitizing the YPG Standardized UXO Technology Demonstration Site Open Field. The scoring record was
coordinated by Larry Overbay and the Standardized UXO Technology Demonstration Site Scoring Committee. Organizations
on the committee include the U.S. Army Corps of Engineers, the Environmental Security Technology Certification Program,
the Strategic Environmental Research and Development Program, the Institute for Defense Analysis, the U.S. Army
Environmental Center, and the U.S. Army Aberdeen Test Center.

DTIC
Ammunition; Detection;, Magnetometers; Ordnance; Scoring; Standardization; Test Facilities

20050200946 Army Test and Evaluation Command, Aberdeen Proving Ground, MD USA

Standardized UXO Technology Demonstration Site Blind Grid Scoring Record No. 238

Overbay, Larry, Jr.; Boutin, Matthew; Archiable, Robert; Fling, Rick; McClung, Christina; Robitaille, George; Jun. 2005;
105 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435628; ATC-8968; No Copyright; Avail: Defense Technical Information Center (DTIC)

This scoring record documents the efforts of Human Factors Applications to detect and discriminate inert unexploded
ordnance (UXO) utilizing the YPG standardized UXO Technology Demonstration Site Blind Grid. The scoring record was
coordinated by Larry Overbay and by the Standardized UXO Technology Demonstration Site Scoring Committee.
Organizations on the committee include the U.S. Army Corps of Engineers, the Environmental Security Technology
Certification Program, the Strategic Environmental Research and Development Program, the Institute for Defense Analysis,
the U.S. Army Environmental Center, and the U.S. Army Aberdeen Test Center.

DTIC
Ammunition; Detection;, Magnetometers; Ordnance; Scoring; Standardization; Test Facilities

20050201007 Army Test and Evaluation Command, Aberdeen Proving Ground, MD USA

Standardized UXO Demonstration Site Blind Grid Scoring Record No. 690

Overbay, Larry, Jr.; Archiable, Robert; McClung, Christina; Robitaille, George; Apr. 2005; 53 pp.; In English; Original
contains color illustrations

Report No.(s): AD-A435731; ATC-8953; No Copyright; Avail: Defense Technical Information Center (DTIC)

This scoring record documents the efforts of Parsons to detect and discriminate inert unexploded ordnance (UXO)
utilizing the YPG Standardized UXO Technology Demonstration Site Blind Grid. The scoring record was coordinated by
Larry Overbay and by the Standardized UXO Technology Demonstration Scoring Committee. Organizations on the committee
include the U.S. Army Corps of Engineers, the Environmental Security Technology Certification Program, the Strategic
Environmental Research and Development Program, the Institute for Defense Analysis, the U.S. Army Environmental Center,
and the U.S. Army Aberdeen Test Center.

DTIC
Ammunition; Anomalies, Detection; Electromagnetism; Ordnance; Scoring; Standardization

20050201008 Army Test and Evaluation Command, Aberdeen Proving Ground, MD USA

Standardized UXO Technology Demonstration Site Blind Grid Scoring Record No. 396

Overbay, Larry, Jr.; Boutin, Matthew; Fling, Rick; McClung, Christina; Robitaille, George; May 2005; 83 pp.; In English;
Original contains color illustrations

Report No.(s): AD-A435732; ATC-8965; No Copyright; Avail: Defense Technical Information Center (DTIC)

This scoring record documents the efforts of NAEVA Geophysics,Inc. to detect and discriminate inert unexploded
ordnance (UXO) utilizing the APG standardized UXO technology Demonstration Site Blind Grid. The scoring record was
coordinated by Larry Overbay and by the Standardized UXO Technology Demonstration Site Scoring Committee.
Organizations on the committee include the U.S. Army Corps of Engineers, the Environmental Security Technology
Certification Program, the Strategic Environmental Research and Development Program, the Institute for Defense Analysis,
the U.S. Army Environmental Center, and the U.S. Army Aberdeen Test Center.

DTIC
Ammunition; Detection; Global Positioning System; Ordnance; Scoring; Standardization
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20050201009 Army Test and Evaluation Command, Aberdeen Proving Ground, MD USA

Standardized UXO Technology Demonstration Site Blind Grid Scoring Record No. 268

Overbay, Larry, Jr.; Fling, Rick; McClung, Christina; Robitaille, George; Apr. 2005; 72 pp.; In English; Original contains
color illustrations

Report No.(s): AD-A435733; ATC-8760; No Copyright; Avail: Defense Technical Information Center (DTIC)

This scoring record documents the efforts of G-TEK Australia PTY Limited to detect and discriminate inter unexploded
ordnance (UXO) utilizing the APG standardized UXO Technology Demonstration Site Blind Grid. The scoring record was
coordinated by Larry Overbay and by the Standardized UXO Technology Demonstration Site Scoring Committee.
Organizations on the committee include the U.S. Army Corps of Engineers, the Environmental Security Technology
Certification Program, the Strategic Environmental Research and Development Program, the Institute for Defense Analysis,
the U.S. Army Environmental Center, and the U.S. Army Aberdeen Test Center.

DTIC
Ammunition; Detection; Magnetometers; Ordnance; Scoring; Standardization

20050201021 Army Armament Research, Development and Engineering Center, Picatinny Arsenal, NJ USA
Design Accelerations for the Army’s Excalibur Projectile
Cordes, J. A.; Vega, J.; Carlucci, D.; Chaplin, R. C.; Jun. 2005; 17 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435761; ARAET-TR-05008; No Copyright; Avail: CASI; A03, Hardcopy

Excalibur is the Army’s new 155-mm, guided projectile. It is scheduled for fielding in 2008. The objectives of Excalibur’s
test program are: 1) shake-out the weak systems for redesign by testing at a margin load, 2) characterize the gun-launch loads
for design improvements and failure reviews, and 3) demonstrate structural integrity and operability after gun launch. In this
paper, 10 live-firings at the margin load, PMP +5%, are presented. Averages, standard deviations, and statistical correlations
are given.
DTIC
Projectiles; System Effectiveness; Weapon Systems

20050203735 XL Technology Systems, Inc., USA
Low Vibration 35’ Cryopump
Kobel, Ted; 23rd Space Simulation Conference Proceedings; [2005]; 33 pp.; In English; See also 20050203713; Original
contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on CD-ROM only as part of
the entire parent document

XL Technology Systems, Inc. (XL) has designed, developed and manufactured a 35 in. cryopump for applications
requiring low vibration disturbances, high pumping speeds, high capacity and high reliability. Typical cryopumps utilize
conventional Gifford-McMahon (GM) or Stirling cycle cryorefrigerators. Such machines operate with a piston or displacer
type design that produces g-forces of significant magnitude relative to acceptable levels needed in critical applications
including the testing of space hardware that demand very low vibration inputs. The XL Low Vibration Cryopump utilizes a
commercially available cryorefrigerator with high reliability that operates with a two-stage, non-displacer type ‘Pulse Tube’
cold head. This non-displacer cryopump operates with vibration levels that are at least an order of magnitude lower than
attainable with the GM or Stirling cycle-driven cryopumps. A side benefit of the Pulse Tube cold head is the lack of magnetic
gradient disturbance that would be caused using a GM or Stirling cycle cold head with the cycling displacer. The XL 35 in.
Low Vibration Cryopump provides pumping speeds and capacity equal to or greater than conventional cryopumps of this size
that operate with GM or Stirling cycle cold heads.
Author
Cryopumping; Cryogenic Fluids;, Pumps
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COMMUNICATIONS AND RADAR
Includes radar; radio, wire, and optical communications; land and global communications; communications theory. For related

information see also 04 Aircraft Communications and Navigation; and 17 Space Communications, Spacecraft Communications,
Command and Tracking; for search and rescue, see 03 Air Transportation and Safety; and 16 Space Transportation and Safety.

20050199649 NASA Glenn Research Center, Cleveland, OH, USA
Status of the Direct Data Distribution (D(exp 3)) Experiment
Wald, Lawrence; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
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NASA Glenn Research Center’s Direct Data Distribution (D3) project will demonstrate an advanced, high-performance
communications system that transmits information from an advanced technology payload carried by a NASA spacecraft in low
Earth orbit (LEO) to a small receiving terminal on Earth. The space-based communications package will utilize a solid-state,
K-band phased-array antenna that electronically steers the radiated energy beam toward a low-cost, tracking ground terminal,
thereby providing agile, vibration-free, electronic steering at reduced size and weight with increased reliability. The
array-based link will also demonstrate new digital processing technology that will allow the transmission of substantially
increased amounts of latency-tolerant data collected from the LEO spacecraft directly to NASA field centers, principal
investigators, or into the commercial terrestrial communications network. The technologies demonstrated by D3 will facilitate
NASA’s transition from using Government-owned communication assets to using commercial communication services. The
hardware for D3 will incorporate advanced technology components developed under the High Rate Data Delivery (HRDD)
Thrust Area of NASA’s Office of Aerospace Technology Space Base Program at Glenn’s Communications Technology
Division. The flight segment components will include the electrically steerable phased-array antenna, which is being built by
the Raytheon System Corporation and utilizes monolithic microwave integrated circuit (MMIC) technology operating at 19.05
GHz; and the digital encoder/modulator chipset, which uses four-channel orthogonal frequency division multiplexing
(OFDM). The encoder/modulator will use a chipset developed by SICOM, Inc., which is both bandwidth and power efficient.
The ground segment components will include a low-cost, open-loop tracking ground terminal incorporating a cryoreceiver to
minimize terminal size without compromising receiver capability. The project is planning to hold a critical design review in
the second quarter of fiscal year 2002.

Author
Telecommunication; Low Earth Orbits; Payloads;, Communication Networks, Information Systems; Phased Arrays; Antenna
Arrays

20050199688 Massachusetts Inst. of Tech., Cambridge, MA, USA

Reconfigurable Modem for Ocean Observatories

Soezer, E. M.; January 2004; 22 pp.; In English

Contract(s)/Grant(s): NA86RG0074

Report No.(s): PB2005-107638; MTSG-05-4; Copyright; Avail: National Technical Information Service (NTIS)

Acoustic communications is an important part of underwater research. The mass amount of data collected by sub-sea
devices can be made available to the scientific community in real-time with the utilization of acoustic modems. Sensor data
collected by the sub-sea devices, including but not limited to pictures, depth, currents, sonar images, traditionally are stored
in the observation post until the end of the mission. By employing a high speed acoustic link between the observation post
and a gateway, which is connected to the command and control station through a radio link, we can reach the data in real time.
NTIS

Acoustics; Modems; Oceans, Sea Water, Sound Transmission, Underwater Communication

20050200789 Air Force Inst. of Tech., Wright-Patterson AFB, OH USA
Modification of a Modulation Recognition Algorithm to Enable Multi-Carrier Recognition
Waters, Angela M.; Mar. 2005; 63 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435255; AFIT/GE/ENG/05-23; No Copyright; Avail: CASI; A04, Hardcopy

Modulation recognition is important for both military and commercial communication applications, particularly in cases
where enhanced situation awareness and/or channel assessment is required to mitigate intentional or collateral interference.
Modulation recognition via template matching or statistical analysis is a key aspect of non-cooperative (nonmatched filtering)
signal interception, classification, and exploitation. This research concerns the evaluation and modification of a conventional
Digitally Modulated Signal Recognition Algorithm (DMRA) to enable multi-carrier, Orthogonal Frequency Division
Multiplexing (OFDM), waveform recognition. The original DMRA architecture was developed to classify communication
signals for three fundamental data modulations, i.e., Amplitude Shift Keying (ASK), Phase Shift Keying (PSK), and
Frequency Shift Keying (FSK). By adding an additional key feature and threshold to the original DMRA architecture, a
modified DMRA architecture is developed to enable the reliable recognition of OFDM waveforms. Simulation results for the
modified DMRA architecture show a 95.25% success rate for OFDM waveform recognition at a signal-to-noise ratio (SNR)
of 11:0 dB. When operated under scenarios where FSK signals are neither present nor considered an alternative, the modified
DMRA architecture yields success rates of 100%, 98. 25%, and 98.25% for classifying PSK2, PSK4, and OFDM at a SNR
of 5.0 dB.
DTIC
Algorithms; Demodulation; Interception; Modulation; Signal Processing
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20050200926 Naval Postgraduate School, Monterey, CA USA
Evaluation of Logistics Operation Command and Control Capability: Optimization Revisited
Ozkan, Recep; Jun. 2005; 97 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435578; No Copyright; Avail: Defense Technical Information Center (DTIC)

Logistics Operations Command and Control Capability Concept (LOCCC), developed by Jeff Grelson in 2000, introduces
a new distribution principle to combat elements. This concept employs a supporting logistics unit in a general support role and
controls it by a unique command center in order to minimize the footprint left by logistics, improve logistic and tactical
responsiveness, and reduce the iron mountain on the battlefield. This thesis revisits the mathematical models and algorithms
developed by Major Thomas Lenhardt to model LOCCC. We preprocess the network topology in order to convert it into an
equivalent, simplified network that is computationally tractable with the existing optimization model by using exact and
heuristic algorithms. We show that the simplifications and enhancements we propose help us to obtain much faster and better
quality solutions than using the original, non-simplified networks. For example, in a ten-minute run, we can obtain a solution
that is 98% better in some cases. We also apply the model to a Turkish Infantry Brigade to evaluate LOCCC with sustainment
requirements and transportation assets of the Turkish Army.
DTIC
Command and Control; Logistics; Logistics Management; Military Operations

20050201042 Naval Postgraduate School, Monterey, CA USA

A Performance Analysis of Management Information Due to Data Traffic Provisioning in a SONET/SDH Communi-
cations Network

Tay, Yeong K.; Jun. 2005; 79 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435791; No Copyright; Avail: Defense Technical Information Center (DTIC)

An evaluation of the performance of a SONET management system was conducted to better understand its management
capabilities due to network disruptions in the presence of a traffic load. This study analyzed the Cisco Transport Manager
(CTM) which manages a testbed of four Cisco ONS 15454 optical systems. The network was injected with HTTP and FTP
traffic generated by the Spirent Smartbits system installed with TeraMetrics Gigabit Ethernet modules and load calibration
configured by the Spirent Avalanche software. To simulate real-world situations, power disruptions were applied to the
network while collecting CTM traffic using Ethereal. Using queuing analysis, the arrival rates and service times were
computed for various CTM traffic components and a utilization for 2500 network elements (NE) extrapolated. Self-similarity
analysis was performed and the log-variance was plotted to extract the Hurst values. Finally, the results and findings were
compared with prior research for loading and no-loading cases. The results of this study are useful in determining the
maximum number of network elements manageable in a disruptive environment. Final analysis on the effects of link utilization
on the queue size showed that the CTM is able to manage more NEs when the network is disrupted. Unfortunately, managing
more NEs increases the queue size even though the utilization was found to be 0.83 for 5450 NEs. Consequently, in order to
maintain a moderate queue size, the maximum number of NEs manageable was found to be 2495. This value is close to
CISCO’s specification of a CTM server managing a maximum of 2500 NEs.

DTIC
Communication Networks; Information Management; Management Information Systems; Provisioning; Reliability Analysis;
Traffic

20050201066 Illinois Univ., Urbana-Champaign, IL USA

Reduced-Complexity Models for Network Performance Prediction

Srikant, Rayadurgam; Hajek, Bruce; May 2005; 29 pp.; In English; Original contains color illustrations
Contract(s)/Grant(s): F30602-00-2-0542; Proj-K144

Report No.(s): AD-A435841; AFRL-IF-RS-TR-2005-214; No Copyright; Avail: Defense Technical Information Center
(DTIC)

The Internet consists of thousands of nodes interconnected in complex ways, with millions of users sending traffic over
the network. To understand such a complex system it is necessary to develop accurate, yet simple, models to describe the
performance of the network. The models have to then be used to design new algorithms that dramatically improve network
performance. In this project, a variety of new models were developed to capture many phenomena in the Internet.

DTIC
Communication Networks; Mathematical Models; Networks; Performance Prediction; Wireless Communication
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20050201095 Naval Postgraduate School, Monterey, CA USA
NPS Center for Autonomous Underwater Vehicle (AUV) Research
Kragelund, Sean; Mar. 2004; 20 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435909; NPS-MAE-04-002; No Copyright; Avail: Defense Technical Information Center (DTIC)
This report presents a summary of the work completed in 2003 at the NPS center for Autonomous Underwater Vehicle
(AUV) Research and provides a preview of future work planned for 2004.
DTIC
Autonomous Navigation; Autonomy, Underwater Communication; Underwater Vehicles

20050201602 Army War Coll., Carlisle Barracks, PA USA

The Status of the Transition of Strategic C4 Systems in the Department of Defense and the U.S. Army War College
Issue Paper Volume 07-05, June 2005

Waddell, Bill; Jun. 2005; 5 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435971; No Copyright; Avail: Defense Technical Information Center (DTIC)

The Department of Defense (DOD) is in the middle of a transition with regard to the strategic command, control,
communications and computer (C4) systems being used at the Joint operational and strategic levels of warfighting and
planning. This transition affects the U.S. Army War College’s (USAWC) areas of education, collaboration, and outreach as
students prepare for future leadership roles. The current system of record, the Global Command and Control System (GCCS),
has been in use since 1996, and is being phased into the emerging system, identified as the Joint Command and Control (JC2)
system. This phasing includes the continuity of current strategic and operational level C4 capabilities, and will expand to
include the tactical level C4 tools and capabilities currently residing in the Army Battle Command System (ABCS). This
transition is scheduled to be smooth; JC2 will take the attributes and operating system of GCCS. JC2 will not include the
current initiatives in the areas of force planning and collaboration, tools utilized to conduct these missions will continue to be
outside of the purview of the established strategic C4 system. This paper will discuss the projected transition in strategic C4,
identifying the emerging tools and capabilities in JC2, and also discuss emerging capabilities in the areas of force planning
and collaboration systems. It will focus on the impact of the use of these tools and capabilities at USAWC for education,
research, and outreach.

DTIC

Command and Control; Defense Program; Universities; Warfare

20050201663 Naval Postgraduate School, Monterey, CA USA

Analysis of Tobyhanna Army Depot’s Radio Frequency Identification (RFID) pilot Program: RFID as an Asset
Management Tool

Miertschin, Keith W.; Forrest, Brian D.; Jun. 2005; 101 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435736; No Copyright; Avail: Defense Technical Information Center (DTIC)

The purpose of this MBA project is to identify the potential value of Radio Frequency Identification (RFID) used for
inventory and asset management at the Tobyhanna Army Maintenance Depot. Tobyhanna Army Depot recently partnered with
WhereNet Corporation for a pilot program to incorporate a real-time locating system that uses RFID. The pilot program tracks
the AN/TPS-75 and AN/TRC-170 systems through the maintenance processes to determine if RFID is beneficial. The RFID
asset management system proved beneficial to increase process efficiency and reduce the number of wasted labor hours used
to find misplaced items. The cost-benefit analysis at the Tobyhanna Army Depot RFID pilot program indicates a Return on
Investment of less than one year and supports previous research conducted on RFID as an asset management tool. Tobyhanna’s
investment in advancing technology essentially paid for itself within one year when measured in labor cost savings and yielded
an annual savings of 837 Repair Cycle Time days. Since the primary infrastructure for RFID is already funded and fully
operational, the payoff period on incremental investment is likely to be much shorter in the future.

DTIC
Radio Frequencies; Inventory Management; Management Systems

20050201705 Bonn Univ., Germany

The Bonn Astro/Geo Mark IV Correlator

Bertarini, Alessandra; Mueskens, Arno; Alef, Walter; International VLBI Service for Geodesy and Astrometry 2004 Annual
Report; March 31, 2005, pp. 147-150; In English; See also 20050201697; Original contains color illustrations; No Copyright;
Avail: CASI; AO1, Hardcopy
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The Bonn Mark IV VLBI correlator is operated jointly by the MPIfR and the GIUB in Bonn and the BKG in Frankfurt.
In 2004 Gbit/s correlation and ftp-VLBI fringe tests were conducted successfully for the first time.
Author
Correlators; Very Long Base Interferometry

20050201713 Massachusetts Inst. of Tech., Westford, MA, USA

Westford Antenna

Poirier, Mike; International VLBI Service for Geodesy and Astrometry 2004 Annual Report; March 31, 2005, pp. 121-124;

In English; See also 20050201697; Original contains color illustrations; No Copyright; Avail: CASI; AO1, Hardcopy
Technical information is provided about the antenna and VLBI equipment at the Westford site of Haystack Observatory,

and about changes to the systems since the 2003 IVS Annual Report.

Author

Observatories;, Very Long Base Interferometry; Cassegrain Antennas; Geodesy, Parabolic Antennas

20050201724 National Inst. of Polar Research, Tokyo, Japan
JARE Syowa Station 11-m Antenna, Antarctica
Shibuya, Kazuo; Doi, Koichiro; International VLBI Service for Geodesy and Astrometry 2004 Annual Report; March 31,
2005, pp. 107-110; In English; See also 20050201697; Original contains color illustrations; No Copyright; Avail: CASI; A01,
Hardcopy

The operation of the 11 m S/X band antenna at Syowa Station (69.0 S, 39.6 E) by the Japanese Antarctic Research
Expeditions (JAREs) started in February 1998 and continues till today (February 2005). The number of quasi-regular geodetic
VLBI experiments attained 57 at the end of 2004. We summarize the status of the experiments. We replaced the K4 back-end
terminal with a K5 terminal. Fringe detection test was made on September 9, 2004, with the 32 m GSI/Tsukuba antenna. It
was proven successful after Intelsat transfer of data (about 200 MB) from Syowa Station to GSI/Tsukuba and correlated there.
The antenna time drastically decreased as receiving activity of remote sening satellites became very low. We will increase,
with the help of the observing program committee, the OHIG and CRF sessions than those planned in the 2005 year schedule
(eight 24 hr sessons).
Author
Antarctic Regions; Geodesy; Very Long Base Interferometry; Microwave Antennas; Ground Stations

20050201891 NASA Glenn Research Center, Cleveland, OH, USA, Cisco Systems, Inc., USA
Mobile Router Developed and Tested
Ivancic, William D.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; AO1,
Hardcopy

The NASA Glenn Research Center, under a NASA Space Act Agreement with Cisco Systems, has been performing joint
networking research to apply Internet-based technologies and protocols to space-based communications. As a result of this
research, NASA performed stringent performance testing of the mobile router, including the interaction of routing and the
transport-level protocol. In addition, Cisco Systems developed the mobile router for both commercial and Government
markets. The code has become part of the Cisco Systems Internetworking Operating System (IOS) as of release 12.2 (4)
T--which will make this capability available to the community at large. The mobile router is software code that resides in a
network router and enables entire networks to roam while maintaining connectivity to the Internet. This router code is pertinent
to a myriad of applications for both Government and commercial sectors, including the ‘wireless battlefield.” NASA and the
Department of Defense will utilize this technology for near-planetary observation and sensing spacecraft. It is also a key
enabling technology for aviation-based information applications. Mobile routing will make it possible for information such
as weather, air traffic control, voice, and video to be transmitted to aircraft using Internet-based protocols. This technology
shows great promise in reducing congested airways and mitigating aviation disasters due to bad weather. The mobile router
can also be incorporated into emergency vehicles (such as ambulances and life-flight aircraft) to provide real-time connectivity
back to the hospital and health-care experts, enabling the timely application of emergency care. Commercial applications
include entertainment services, Internet protocol (IP) telephone, and Internet connectivity for cruise ships, commercial
shipping, tour buses, aircraft, and eventually cars. A mobile router, which is based on mobile IP, allows hosts (mobile nodes)
to seamlessly ‘roam’ among various IP subnetworks. This is essential in many wireless networks. A mobile router, unlike a
mobile IP node, allows entire networks to roam. Hence, a device connected to the mobile router does not need to be a mobile
node because the mobile router provides the roaming capabilities. There are three basic elements in the mobile IP: the home
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agent, the foreign agent, and the mobile node. The home agent is a router on a mobile node’s home network that tunnels
datagrams for delivery to the mobile node when it is away from home. The foreign agent is a router on a remote network that
provides routing services to a registered mobile node. The mobile node is a host or router that changes its point of attachment
from one network or subnetwork to another. In mobile routing, virtual communications are maintained by the home agent,
which forwards all packets for the mobile networks to the foreign agent. The foreign agent passes the packets to the mobile
router, which then forwards the packets to the devices on its networks. As the mobile router moves, it will register with its
home agent on its whereabouts via the foreign agent to assure continuous connectivity.

Author

Mobile Communication Systems; Internets; Fabrication; Computer Networks

20050201892 NASA Glenn Research Center, Cleveland, OH, USA
Digital Distortion Caused by Traveling- Wave-Tube Amplifiers Simulated
Kory, Carol L.; Andro, Monty; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI;
A01, Hardcopy

Future NASA missions demand increased data rates in satellite communications for near real-time transmission of large
volumes of remote data. Increased data rates necessitate higher order digital modulation schemes and larger system bandwidth,
which place stricter requirements on the allowable distortion caused by the high-power amplifier, or the traveling-wave-tube
amplifier (TWTA). In particular, intersymbol interference caused by the TWTA becomes a major consideration for accurate
data detection at the receiver. Experimentally investigating the effects of the physical TWTA on intersymbol interference
would be prohibitively expensive, as it would require manufacturing numerous amplifiers in addition to acquiring the required
digital hardware. Thus, an accurate computational model is essential to predict the effects of the TWTA on system-level
performance when a communication system is being designed with adequate digital integrity for high data rates. A fully
three-dimensional, time-dependent, TWT interaction model has been developed using the electromagnetic particle-in-cell code
MAFIA (Solution of Maxwell’s equations by the Finite-Integration-Algorithm). It comprehensively takes into account the
effects of frequency-dependent AM (amplitude modulation)/AM and AM/PM (phase modulation) conversion, gain and phase
ripple due to reflections, drive-induced oscillations, harmonic generation, intermodulation products, and backward waves. This
physics-based TWT model can be used to give a direct description of the effects of the nonlinear TWT on the operational
signal as a function of the physical device. Users can define arbitrary excitation functions so that higher order modulated
digital signals can be used as input and that computations can directly correlate intersymbol interference with TWT
parameters. Standard practice involves using communication-system-level software packages, such as SPW, to predict if
adequate signal detection will be achieved. These models use a nonlinear, black-box model to represent the TWTA. The
models vary in complexity, but most make several assumptions regarding the operation of the high-power amplifier. When the
MAFIA TWT interaction model was used, these assumptions were found to be in significant error. In addition, digital signal
performance, including intersymbol interference, was compared using direct data input into the MAFIA model and using the
system-level analysis tool SPW for several higher order modulation schemes. Results show significant differences in predicted
degradation between SPW and MAFIA simulations, demonstrating the significance of the TWTA approximations made in the
SPW model on digital signal performance. For example, a comparison of the SPW and MAFIA output constellation diagrams
for a 16-ary quadrature amplitude modulation (16-QAM) signal (data shown only for second and fourth quadrants) is shown.
The upper-bound degradation was calculated from the corresponding eye diagrams. In comparison to SPW simulations, the
MAFIA data resulted in a 3.6-dB larger degradation.
Author
Distortion; Satellite Communication; Simulation; Traveling Wave Amplifiers; Pulse Communication

20050201939 Lawrence Livermore National Lab., Livermore, CA USA

iES: An Intelligent Electronic Sales Platform

Korbe, W.; Stanton, V.; Gao, J.; Oct. 2003; 20 pp.; In English

Report No.(s): DE2005-15013834; UCRL-CONF-200487; No Copyright; Avail: Department of Energy Information Bridge
Current e-commerce systems support online shopping based on electronic product catalogs. The major issues associated

with catalog-based commerce systems are: difficulty in distinguishing one retailer from another, complex navigation with

confusing links, and a lack of personalized service. This paper reports an intelligent solution to address these issues. Our

solution will provide a more personalized sales experience through the use of a transaction-based knowledge model that

includes both the rules used for reasoning as well as the corresponding actions. Based on this solution, we have developed

an intelligent electronic sales platform that is supported by a framework which provides the desired personalization as well
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as extensibility and customization capabilities. This paper reports our design and development of this system and application
examples.

NTIS

Commerce; Computer Networks, Electronic Commerce

20050203760 Hi Pi Consulting, Gaithersburg, MD, USA
Overview, Testing, and Solutions to ESD-Induced, Solar-array-string, On-orbit Failures
Meulenberg, A.; 16th Space Photovoltaic Research and Technology Conference; May 2005, pp. 58-63; In English; See also
20050203753; No Copyright; Avail: CASI; A02, Hardcopy

Geostationary satellites have had sections of their high-voltage GaAs (and perhaps silicon) solar arrays fail abruptly on
orbit. The resent (1997/8) occurrence of the problem was shown to correlate highly with active Geomagnetic-substorm activity
(of the type that can result in spacecraft charging events) and thus was attributed to electrostatic discharge (ESD). A review
of the cause and damage and the solutions to the problem. A comparison is made between several aspects of silicon and GaAs
cells and how these could affect the probability of such damage. An extended discussion of the various points includes
speculation about earlier solar-cell-string failures on silicon arrays.
Author
Performance Tests; Electrostatic Charge; Solar Arrays; Failure; Geosynchronous Orbits

20050203779 National Space Development Agency, Tsukuba, Japan
Flight Data of GaAs Solar Cells on the COMETS
Ohshima, Takeshi; Nashiyama, Isamu; Itoh, Hisayoshi; Okada, Sohei; Nakao, Tetsuya, et al.; 16th Space Photovoltaic
Research and Technology Conference; May 2005, pp. 64-73; In English; See also 20050203753; Original contains black and
white illustrations; No Copyright; Avail: CASI; A02, Hardcopy

Communication and Broadcasting Engineering Test Satellite (COMETS), which was not put into the scheduled
geostationary orbit by the failure of H-II rocket, become a result of flying in the more severe radiation environment than
predicted. By this result, the necessity of re-prediction of the degradation of solar array paddle performance occurred. In order
to predict again we carried out the irradiation tests of solar cells on the earth. In this paper this irradiation tests results are
shown. And this results were examined based on simulation results using the TRIM code. Then the results of re-prediction of
solar array paddle performance and actual flight data shown.
Author
Data Acquisition; Solar Cells; Gallium Arsenides; Communication Satellites

20050203815 Belgrade Univ., Yugoslavia
International Conference on Advances in Infrastructure for Internet, Processing, Systems, and Interdisciplinaries
(IPSI-2004)
[2004]; In English; International Conference on Advances in Infrastructure for Internet, Processing, Systems and
Interdisciplinaries, 1-4 Apr. 2004, Kopaonik, Serbia; See also 20050203816 - 20050203835; Copyright; Avail: CASI; CO1,
CD-ROM

Contents include the following: Natural language technology in multi-source information fusion. The place of the internet
in research into the history of science; three case studies. A method for brain electrical activity visualization. An approach to
control multi-agent systems.Performance of parallel iterative solution of linear systems using GMRES. Generic intelligent
personal information agent. Automatic configuration of security parameters in IP network.
CASI
Natural Language (Computers); Linear Systems, Internets; Brain

20050203896 Pennsylvania State Univ., University Park, PA, USA
Rural America’s Access to Broadband: A Preliminary Assessment of North Dakota and Pennsylvania
Tate, Marsha A.; Sager, Sheila S.; Conference on Advances in Internet Technologies and Applications, with Special Emphasis
on E-Education, E-Enterprise, E-Manufacturing, E-Mobility, and Related Issues (CAITA-2004); [2004]; 77 pp.; In English;
See also 20050203892; Original contains color illustrations; Copyright; Avail: CASI; A0S, Hardcopy; Available from CASI
on CD-ROM only as part of the entire parent document

Today, the socioeconomic fate of rural communities is inextricably linked to the quality and speed of access to Internet
services, and content. However, a thorough understanding of the resources necessary for communities to achieve full access
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to the network is necessary. These resources can be grouped into four determinants of access: context; connectivity; capability;
and, content here referred to as the 4C s theory. Using data gathered for five rural counties in Pennsylvania and North Dakota,
this paper frames rural high-speed Internet access in terms of the 4C s theory. Our analyses suggest there are significant
variations between the two states and among individual counties. Moreover, in order to sustain socio-economic success, each
of the 4C s must be considered both individually and collectively.

Author

Rural Areas; Broadband; North Dakota; Pennsylvania; United States; Telecommunication

20050203914 Electronics and Telecommunications Research Inst., Daejon, Korea, Republic of
High Quality Image Watermarking on the Lowest Wavelet Subband
Joo, Sanghyun; Hong, Jin Woo; Shin, Jaeho; Kikuchi, Hisakazu; Conference on Advances in Internet Technologies and
Applications, with Special Emphasis on E-Education, E-Enterprise, E-Manufacturing, E-Mobility, and Related Issues
(CAITA-2004); [2004]; 6 pp.; In English; See also 20050203892; Copyright; Avail: CASI; A02, Hardcopy; Available from
CASI on CD-ROM only as part of the entire parent document

In this paper, we propose a robust blind watermarking that embeds a pseudo-random binary watermark sequence into the
lowest wavelet subband. Although it is known that the lowest subband embedding cause severe degradation, we overcome the
degradation by employing two techniques. First, watermarks are adaptively embedded by considering human visual system.
Second, watermark embedding is skipped for some coefficients that cause severe degradation. Owing to these techniques, a
good fidelity and robustness can be obtained simultaneously.
Author
Wavelet Analysis;, Multimedia; Image Processing

20050203982 NASA Langley Research Center, Hampton, VA, USA
Optimum Integrated Heterodyne Photoreceiver for Coherent Lidar Applications
Amzajerdian, Farzin; Pierrottet, Diego; Singh, Upendra; Kavaya, Michael; [2005]; 7 pp.; In English; Materials Research
Society Spring Meeting, 28 Mar. - 1 Apr. 2005, San Francisco, CA, USA
Contract(s)/Grant(s): 23-258-80-RR
Report No.(s): Paper FF6.3; No Copyright; Avail: CASI; A02, Hardcopy

Many coherent lidar applications, particularly airborne and space-based applications, impose stringent power and size
constraints while requiring high levels of sensitivity. For this reason, optimization of the lidar heterodyne photoreceiver is one
of the critical steps in ensuring full utilization of limited resources to achieve the required sensitivity. The analysis of 2-micron
heterodyne receivers shows that substantial improvement of the order of 3 dB can be obtained by proper optimization of the
receiver key control parameters and elimination of its parasitic capacitances by integrating the detector, its bias circuit, and
the preamplifier on a single substrate. This paper describes analytical steps for defining optimum heterodyne receiver design
parameters and development of experimental devices operating at 2-micron wavelength.
Author
Optical Radar; Optimization; Receivers; Mathematical Models; Coherent Radar; Optical Heterodyning

33
ELECTRONICS AND ELECTRICAL ENGINEERING
Includes development, performance, and maintainability of electrical/electronic devices and components; related test equipment; and

microelectronics and integrated circuitry. for related information see also 60 Computer Operations and Hardware; and 76 Solid-State
Physics. For communications equipment and devices see 32 Communications and Radar.

20050199463 NASA Glenn Research Center, Cleveland, OH, USA
High-Voltage Droplet Dispenser Developed
Eichenberg, Dennis J.; VanderWal, Randy L.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright;
Avail: CASI; AO1, Hardcopy

Various techniques have been applied to deploying individual droplets for many applications, such as the study of the
combustion of liquid fuels. Isolated droplet studies are useful in that they allow phenomena to be studied under well-controlled
and simplified conditions. A high-voltage droplet dispenser has been developed that is extremely effective in dispensing a wide
range of droplets. The dispenser is quite unique in that it utilizes a droplet bias voltage, as well as an ionization pulse, to release
the droplet. The droplet is deployed from the end of a needle. A flat-tipped, stainless steel needle attached to a syringe
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dispenses a known value of liquid that hangs on the needle tip. Somewhat below the droplet is an annular ring electrode. A
bias voltage, followed by a voltage pulse, is applied to attract the droplet sufficiently to pull it off the needle. The droplet and
needle are oppositely charged relative to the annular electrode. The needle is negatively charged, and the annular ring is
positively charged.

Derived from text

Dispensers; Electric Potential; Drops (Liquids)

20050200855 Air Force Research Lab., Wright-Patterson AFB, OH USA

RF Performance Evaluation of Ferroelectric Varactor Shunt Switches

Neidhard, Robert; Nykiel, Edward; Ebel, John; Strawser, Richard; Stamper, Keith; Calcatera, Mark; Biggers, Rand;
Subrammanyam, Guru; Ahamed, Faruque; Jun. 2005; 16 pp.; In English

Contract(s)/Grant(s): FA8650-04-2-4201; Proj-6096

Report No.(s): AD-A435427; AFRL-SN-WP-TR-2005-106; No Copyright; Avail: Defense Technical Information Center
(DTIC)

This paper addresses experimental RF performance evaluation, and electrical parameter extraction of different size
ferroelectric varactor shunt switches. The ferroelectric varactor shunt switch operation is based on nonlinear dielectric
tunability of a Ba0.(6)Sr0.(4) TiO3 (BST) thin-film sandwiched between two metal layers in the parallel plate configuration.
Coplanar waveguide implementation of the varactor shunt switch results in a high speed RF switch, with a simple two-metal
layer Si MMIC compatible process on high resistivity Si substrates. Experimental RF performance of the switches show low
insertion loss for smaller area devices, with good isolation for larger area devices. To optimize the device design, RF
performance of multiple devices were tested, and electrical parameters were extracted. The capacitance of the varactor shunt
switches tested were tunable more than 4:1 for bias voltages below 12 V. The switching speed of the devices tested was
approximately 43 ns based on the step response measurements.

DTIC
Bypasses; Capacitance; Circuits, Evaluation; Ferroelectric Materials; Ferroelectricity; Performance Tests; Radio
Frequencies; Switches; Transmission Lines; Varactor Diodes

20050200860 Naval Postgraduate School, Monterey, CA USA

The Photovolatic Power Converter: A Technology Readiness Assessment

Ansley, Steven R., Jr.; Phillips, Lewis H.; Jun. 2005; 147 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435434; No Copyright; Avail: Defense Technical Information Center (DTIC)

With the DoD moving towards evolutionary acquisition and incremental development of weapons systems and soldier
applications, it is important that the maturity of new technologies be properly assessed so that the probability of success, once
inserted into a program, can be maximized. The purpose of this report is to examine the Photovoltaic Power Converter (PVPC)
technology, developed by Atira Technologies, as a potential Department of Defense Acquisition program/project. Specifically,
the report focuses on a Technology Readiness Assessment (TRA). The report validates the PVPC technology and estimates,
with 95% confidence, that the PVPC enables a solar power system to convert between 30.39% and 48.60% more solar energy
into power than an identical system without the PVPC. The report also identifies and documents the required supporting
information to justify a Technology Readiness Level (TRL) 5 for the PVPC. Finally, the report recommends inserting the
PVPC into the DoD Acquisition System as a commercial item via horizontal technology insertion or the Advanced Concept
Technology Demonstration Program.

DTIC
Photovoltaic Effect; Solar Energy, Technology Assessment

20050200874 Naval Postgraduate School, Monterey, CA USA

Performance Analysis of 802.16A

Allen, Jared L.; Jun. 2005; 95 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435472; No Copyright; Avail: Defense Technical Information Center (DTIC)

With the ever-increasing popularity of wireless internet, its scale is broadening. While the IEEE 802.15 standard provides
the parameters necessary for a wireless personal area network (WPAN), the IEEE 802.16a standard provides broadband
wireless access (BWA), or a wireless metropolitan area network (WMAN). Popularly referred to as Wi-Max, the standard uses
cellular topography with a base station and subscriber station and cuts down on infrastructure and thus can be used in most
environments. The 802.16a standard can take advantage of the popular OFDM modulation technique. This thesis takes a
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developed synchronization algorithm and tests its performance on 802.16a. In addition, it tests the standard’s performance in
different types of channel. Various techniques are evaluated including interleaving and antenna diversity. The 802.16a standard
employs a form of transmit diversity called Space-Time Coding. The transmit diversity is compared with Maximal-Ratio
Combining receiver diversity. The evaluation was done in simulation developed in Matlab; the simulations show drastic
improvement when using the aforementioned techniques, particularly diversity.

DTIC

Antennas; Broadband; Communication Networks; Reliability Analysis

20050200892 Naval Postgraduate School, Monterey, CA USA

Investigations of Parametric Excitation in Physical Systems

Janssen, Michael T.; Jun. 2005; 79 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435509; No Copyright; Avail: Defense Technical Information Center (DTIC)

Parametric excitation can occur when the value of a parameter of an oscillator is modulated at twice the natural frequency
of the oscillator. The response grows exponentially and is only limited by a nonlinearity of the system, so large response
amplitudes typically occur. However, there is no response unless the parametric drive amplitude is above a threshold value
that is dictated by the damping. We investigate parametric excitation in three physical systems. The first involves an acoustic
standing wave in a pipe that is driven by a piston at one end. An analysis shows that parametric excitation is not feasible in
this system unless one uses a very large-excursion piston (for example, from an aircraft engine). The second system is an
inductor-capacitor circuit which can undergo oscillations of the current. An analysis of capacitance modulation with a bank
of alternate rotating and stationary parallel plates shows that parametric excitation would be very difficult to achieve. Finally,
we describe the construction of a torsional oscillator whose length is modulated. Parametric excitation is successfully
demonstrated in this system. A comparison of data to predictions of the standard theory of parametric excitation reveals
significant deviations.

DTIC
Excitation; Sound Waves

20050200916 Defense Science Board, Washington, DC USA

Report of the Defense Science Board Task Force on High Performance Microchip Supply
Feb. 2005; 118 pp.; In English

Report No.(s): AD-A435563; No Copyright; Avail: Defense Technical Information Center (DTIC)

The microelectronics industry, supplier of hardware capability that underlies much of America’s modern military
leadership technology, is well into a profound restructuring leading to horizontal consolidation replacing the past vertically
integrated company structure. One unintended result of this otherwise sound industry change is the relocation of critical
microelectronics manufacturing capabilities from the USA to countries with tower cost capital and operating environments.
Trustworthiness and supply assurance for components used in critic at military and infrastructure applications are casualties
of the migration. Further, while not the focus of the study per se, the U.S. national technological leadership may be
increasingly challenged by these changing industry dynamics; the poses long term national economic security concerns.
DTIC
Chips (Electronics); Human Performance; Microelectronics; Military Technology,; Organizations; Tasks

20050200924 Naval Postgraduate School, Monterey, CA USA

Optical Detection Using Four-Layer Semiconductor Structures

Moore, David A.; Jun. 2005; 92 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435573; No Copyright; Avail: Defense Technical Information Center (DTIC)

The application of a thyristor (a four-layer P1-N1-P2-N2 semiconductor structure) as an optical detector is explored.
Based on laboratory experiments which demonstrated that this device produces a pulse-mode output to incident light, the
thyristor is investigated by comparing the existing theory of static forward-biased operation to simulation results obtained
using ATLAS by Silvaco, Inc. The results include identification of the holding point on the IV curve by simulating the junction
potential across each junction as a function of current, and demonstration that impact ionization is not a critical factor in
thyristor operation. A series of simulations were performed which show that the thyristor can be optimized for use as a detector
by decreasing the emitter efficiencies by decreasing the doping in the P1 and N2 layers, or by increasing the doping in the P2
layer; the switching voltage can be controlled by selecting the doping and thickness of the N1 layer. A detector device was
designed to allow further testing of the thyristor detector using the ABN CMOS process from AMI semiconductor via the
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MOSIS service. The design of this device is discussed and simulated IV curves are presented.
DTIC

Detection; Optical Measurement; Optical Measuring Instruments; Semiconductor Devices

20050200963 Space and Naval Warfare Systems Center, San Diego, CA USA

DC and RF Characterization of Laser Annealed Metal-Gate SOI CMOS Field-Effect Transistors

Lu, Ryan P.; Offord, Bruce W.; Popp, Jeremy D.; Ramirez, Ayax D.; Rowland, Jason F.; Russell, Stephen D.; Apr. 2005;
29 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435649; SSC/SD-TD-3196; No Copyright; Avail: Defense Technical Information Center (DTIC)

The conventional polysilicon gate in a MOSFET has been replaced by an aluminum metal gate which offers higher RF
performance through the reduction of gate resistance. Pulsed excimer laser annealing of the source and drain was then used
to avoid conventional furnace annealing that would melt the aluminum metal gate. CMOS field-effect transistors utilizing
metal gates were fabricated in Silicon-on-Insulator (SOI) technology down to 0.25 micron gate lengths. The DC characteristics
of devices with 10-micron gate lengths were consistently well-behaved. The 0.25 micron devices were found to be more
sensitive to the laser energy that showed up in the DC measurements in threshold voltage variations and larger leakage currents
in the subthreshold characteristics. At higher laser fluences, Technology Computer-Aided Design (TCAD) simulations show
excessive lateral diffusion, explaining the observed effects. RF results of the drawn 0.25 micron metal-gate devices have an
F(t) and F(max) of 25 GHz and 60 GHz, respectively. Similar devices with polysilicon gates were fabricated and characterized
for comparison. RF results of the drawn 0.25 micron polysilicon gate devices have an F(t)and F(max) of 34 GHz and 7 GHz,
respectively. This device processing advance offers a deeply scalable technology for future ‘system-on-a-chip’ applications.
DTIC
Annealing; CMOS; Direct Current; Electromagnetic Measurement; Field Effect Transistors; Lasers; Radio Frequencies;
Semiconductors (Materials)

20050200979 Naval Postgraduate School, Monterey, CA USA

Closed Loop Control of a Cascaded Multi-Level Converter to Minimize Harmonic Distortion
Souhan, Brian E.; Jun. 2005; 105 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435676; No Copyright; Avail: Defense Technical Information Center (DTIC)

As the USA Navy moves toward the all-electric ship, the need for a robust, high fidelity inverter for propulsion motors
becomes mandatory. Military vessels require high power converters capable of producing nearly sinusoidal outputs to prevent
torque pulsations and electrical noise that can compromise the mission location. This thesis presents a hybrid pulse-width-
modulated controller for a 3x3 Cascaded Multi-Level Converter (CMLC). Ancillary results include a simple technique for
extracting the reference sine wave from an independent bulk converter and implementing a synchronization technique that
coordinates a space vector modulation controller with the switching pattern of a bulk inverter. The algorithms were tested on
CMLC hardware that resides in the Naval Postgraduate School Power Systems Laboratory, and the results were compared with
a sine-triangle pulse width modulation algorithm. The controller and converter were used to power a quarter-horsepower
three-phase induction motor.

DTIC
Distortion; Feedback Control; Harmonics; Sine Waves

20050201011 Space and Naval Warfare Systems Center, San Diego, CA USA

Nanosecond Thermal Processing for Self-Aligned Silicon-on-Insulator Technology

Ramirez, A. D.; Offord, B. W.; Popp, J. D.; Russell, S. D.; Rowland, J. F.; Apr. 2005; 24 pp.; In English; Original contains
color illustrations

Report No.(s): AD-A435738; No Copyright; Avail: Defense Technical Information Center (DTIC)

Future radar and communications systems will have the need to use CMOS integrated circuits to provide increased analog
and digital functions. Conventional CMOS technology has been locked into designing processes around polysilicon gate
material because of the need for self-alignment. Low-resistance metal gates are superior for high-speed devices. However,
their low melting point prevented their use in a self-aligned structure that experiences high-temperature processing (\g700
degrees C). Silicon-on-Insulator (SOI) technology, non-refractory metal gates, and nanosecond laser processing were used to
fabricate a self-aligned structure. These techniques will allow further scaling of CMOS devices and enable mixed-mode
devices to be integrated on the same substrate. The laser is used to rapidly, on the order of nanoseconds, melt and redistribute
the implanted dopants for the order of nanoseconds, melt and redistribute the implanted dopants for the source and drain with
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minimal lateral diffusion, which lowers parasitic gate to drain and source overlap capacitance. Gate resistance can be lowered
by at least an order of magnitude and optimal threshold control of pMOS and nMOS devices can be achieved by using an
aluminum metal gate instead of a polysilicon gate. This process allows high-performance, low-power digital technology to be
integrated with high F(max) low-noise RF devices.

DTIC

Integrated Circuits; Semiconductor Devices, Silicon; SOI (Semiconductors)

20050201017 Maryland Univ., College Park, MD USA

On-Chip Hardware for Cell Monitoring: Contact Imaging and Notch Filtering

Abshire, Pamela; Smela, Elisabeth; Shapiro, Benjamin; Jul. 2005; 7 pp.; In English; Original contains color illustrations
Contract(s)/Grant(s): FA9550-04-1-0449

Report No.(s): AD-A435748; AFRL-SR-AR-TR-05-0281; No Copyright; Avail: Defense Technical Information Center
(DTIC)

The cell canary system will combine live bio-engineered cells with on-chip MEMS hardware. It will function by
monitoring the response of many live cells to an external environment. Each cell, or cell colony, will be bio-engineered to
fluoresce in response to a specific external pathogen. The fluorescence will occur through a FRET interaction with a quantum
dot that labels a component of the pathway. If the cell or cell colony dies due to the presence of its target pathogen, then it
will fluoresce as it dies; if the cell or cell colony dies due to other factors, then it will not fluoresce. The system will therefore
act as a ‘cell canary’ system for specific, low-false-positive detection of pathogens. Our goal here is to demonstrate
proof-of-concept for the on-chip fluorescence detection portion of the project.

DTIC
Imaging Techniques; Notches

20050201038 Arizona Univ., Tucson, AZ USA
Metamaterial-Based Patch Antennas and Adaptive Rectifying Circuits for High Power Rectenna Applications
Ziolkowski, Richard W.; Jan. 2005; 17 pp.; In English
Contract(s)/Grant(s): N0O0014-04-1-0320
Report No.(s): AD-A435786; No Copyright; Avail: CASI; A03, Hardcopy

The efforts of this project considered two technological aspects of rectennas systems. One technology that was
emphasized power-adaptive- rectifying circuits (PARCs). If a rectenna system is to be integrated into an autonomous vehicle
system and fed by a stationary microwave source, the electromagnetic power incident on the rectenna will vary with the
distance between - the source and the rectenna. Consequently, the output power from the rectenna could vary dramatically with
small changes in the location of the rectenna system. To mitigate these input power effects, we considered a prototype PARC
design at IMHz and a corresponding RF PARC design at 2.45 GHz in the ISM band. As proposed, several power adaptive
rectifying circuits were designed, built, and tested. Several metamaterial-based electrically small antennas were also
considered during the project duration. These efforts included an integrated antenna- artificial magnetic conductor (AMC)
system and a metamaterial-based efficient electrically small dipole antenna. An optimal design of a printed dipole antenna
integrated with an AMC block having no ground plane was achieved. An efficient electrically small antenna was achieved by
surrounding a center-fed dipole antenna with an ENG (epsilon negative) metamaterial spherical shell and a coax-fed monopole
antenna with an ENG metamaterial hemispherical shell.
DTIC
Antennas,; Circuits; Electromagnetic Properties;, Magnetic Properties; Patch Antennas; Rectennas, Rectification

20050201045 Pennsylvania State Univ., University Park, PA USA
Provide the FORA for ONR Sponaored NPAL 04 Experiment
Preston, John R.; Becker, Kyle M.; Jul. 2005; 5 pp.; In English
Contract(s)/Grant(s): N00014-04-1-0011
Report No.(s): AD-A435795; No Copyright; Avail: CASI; AO1, Hardcopy
The ONR Five Octave-Research Array (FORA) was employed as the primary receive system for the Basin Acoustic
Seamount Scattering Experiment (BASSEX) in Sept-Oct 2004 Operating the the deep North Pacific this was the first deep
water application of the FORA. Array operation and performance are described along with an assessment of data quality for
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the sea trail. The array proved to be a versatile tool for this test and for future work.
DTIC

Deep Water; Ocean Surface; Sound Transmission;, Underwater Acoustics;, Water Waves

20050201589 Naval Undersea Warfare Center, Newport, RI USA
Antenna Articulation Apparatus for a Submersible Device, and Method of Use
Miller, Grant M., Inventor; Dec. 2004; 17 pp.; In English
Report No.(s): AD-D020204; No Copyright; Avail: CASI; A03, Hardcopy

An antenna articulation apparatus and method of use for a submersible device is provided. The apparatus includes a body
having a cavity formed at an external surface. A bladder containing a core material is arranged within the cavity. The core
material contracts and expands the bladder depending upon a pressure that surrounds the bladder. An antenna operatively
connected with the bladder and articulates between a retracted position and a deployed position as the bladder contracts and
expands.
DTIC
Antennas; Buoys

20050201591 Department of the Navy, Washington, DC USA
Mosaic Process for the Fabrication of an Acoustic Transducer Array
Jun. 2005; 15 pp.; In English
Report No.(s): AD-D020206; No Copyright; Avail: CASI; A03, Hardcopy

Ths patent application discloses a method that involves establishing the performance level of a proposed acoustic
transducer array. Deriving a geometric shape for the array based on the established performance level. Selecting piezoceramic
materials based on considerations related to the performance level and derived geometry. Forming small primary shape of the
selected piezoceramic materials for use as the basic elements of the larger derived geometric shape of the array. Arranging the
basic elements into a mosaic of the larger derived geometric shape. Filling the interstices between the basic elements with
urethane to bind the mosaic of basic elements thereby fabricating the completed piezoceramic transducer array.
DTIC
Acoustic Measurement; Arrays; Electroacoustic Transducers; Fabrication;, Mosaics; Patent Applications; Sound Transducers

20050201593 Department of the Navy, Washington, DC USA
Natural Fiber Span Reflectometer Providing a Virtual Signal Sensing Array Capability
Payton, Robert M., Inventor; Jun. 2005; 94 pp.; In English
Report No.(s): AD-D020208; No Copyright; Avail: CASI; A0S, Hardcopy

The present invention relates generally to the field of time-domain reflectometers. More specifically, it relates to such
reflectometers which are a part of a photonic system application in which the object of the reflectometry is a span of fiber
which has an interrogation signal launch end and a remote end. The invention enables the provision of a linear array of virtual
sensors along the span. One particular type of application toward which the invention is directed is an acoustic security alarm
system in which the span serves as a perimeter intrusion monitoring line.
DTIC
Detection; Linear Arrays, Patent Applications; Reflectometers; Signal Processing

20050201597 Department of the Navy, Washington, DC USA
Direct Reacting Anolyte-Catholyte Fuel Cell for Hybrid Energy Sources
Medeiros, Maria G., Inventor; Jul. 2005; 18 pp.; In English
Report No.(s): AD-D020212; No Copyright; Avail: CASI; A03, Hardcopy

This patent application discloses a fuel cell and a method for using the fuel cell to make electricity, in which the fuel cell
has an anode half-cell having an electrocatalytic anode and a liquid anolyte that is substantially isopropanol dissolved in
seawater. The fuel cell has a cathode half-cell having an electrocatalytic cathode and a liquid catholyte that is substantially
hydrogen peroxide dissolved in slightly acidic seawater. The half-cells share a common proton exchange membrane. When
the anode and cathode are in electrical connection the isopropanol is oxidized to carbon dioxide, which is fugitive, and the
hydrogen peroxide is reduced to water. In the method, the anolyte and the catholyte, which are in effect the fuel of the fuel
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cell, are metered and re-circulated as needed to produce the necessary electrical power. The electrocatalytic electrodes are
typically comprised of palladium and iridium alloys.

DTIC

Anodes; Anolytes; Cathodes, Catholytes, Electrocatalysts; Fuel Cells; Patent Applications

20050201640 NASA Glenn Research Center, Cleveland, OH, USA
Intelligent dc-dc Converter Technology Developed and Tested
Button, Robert M.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; AO1,
Hardcopy

The NASA Glenn Research Center and the Cleveland State University have developed a digitally controlled dc-dc
converter to research the benefits of flexible, digital control on power electronics and systems. Initial research and testing has
shown that conventional dc-dc converters can benefit from improved performance by using digital-signal processors and
nonlinear control algorithms.
Derived from text
Algorithms; Voltage Converters (DC to DC), Signal Processing; Digital Systems

20050201660 NASA Glenn Research Center, Cleveland, OH, USA
Solid-Body Fuse Developed for High- Voltage Space Power Missions
Dolce, James L.; Baez, Anastacio N.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail:
CASI; A01, Hardcopy

AEM Incorporated has completed the development, under a NASA Glenn Research Center contract, of a solid-body fuse
for high-voltage power systems of satellites and spacecraft systems. High-reliability fuses presently defined by MIL-PRF-
23419 do not meet the increased voltage and amperage requirements for the next generation of spacecraft. Solid-body fuses
exhibit electrical and mechanical attributes that enable these fuses to perform reliably in the vacuum and high-vibration and
-shock environments typically present in spacecraft applications. The construction and screening techniques for solid-body
fuses described by MIL-PRF-23419/12 offer an excellent roadmap for the development of high-voltage solid-body fuses.
Derived from text
Circuit Breakers; High Voltages; Power Supplies; Space Missions; Electric Potential

20050201889 NASA Glenn Research Center, Cleveland, OH, USA, NASA Goddard Space Flight Center, Greenbelt, MD,
USA, NASA Langley Research Center, Hampton, VA, USA, Jet Propulsion Lab., California Inst. of Tech., Pasadena, CA, USA
Cryogenic Electronics Being Developed for Space Operation
Patterson, Richard L.; Hammoud, Ahmad; Gerber, Scott S.; Research and Technology 2001; March 2002; 2 pp.; In English;
No Copyright; Avail: CASI; AO1, Hardcopy

Planetary exploration missions and deep space probes require electrical power management and control systems that can
operate efficiently and reliably in very low temperature environments. Presently, spacecraft operating in the cold environment
of deep space carry a large number of radioisotope heating units to maintain the surrounding temperature of the onboard
electronics at approximately 20 C. Electronics capable of operation at cryogenic temperatures would not only tolerate the
hostile environment of deep space but also reduce system size and weight by eliminating or reducing the radioisotope heating
units and their associate structures. Thereby, such electronics would reduce system development as well as launch costs. In
addition, power electronic circuits designed for operation at low temperatures are expected to result in more efficient systems
than those at room temperature. This improvement results because semiconductor and dielectric materials have better behavior
and tolerance in their electrical and thermal properties at low temperatures. The Low Temperature Electronics Program at the
NASA Glenn Research Center is focusing on the research and development of electrical components, circuits, and systems
suitable for applications in the aerospace environment and in deep space exploration missions. Research is being conducted
on devices and systems for reliable use down to cryogenic temperatures. Some of the commercial off-the-shelf as well as
developed components that are being characterized include semiconductor switching devices, resistors, magnetics, and
capacitors. Semiconductor devices and integrated circuits including digital-to-analog and analog-to-digital converters, dc-dc
converters, operational amplifiers, and oscillators are also being investigated for potential use in low-temperature applications.
For example, the output response of an advanced oscillator at room temperature and at -190 C is shown. Most oscillators can
operate at temperatures down to only -55 C. It can be seen that, for this oscillator, the low temperature of -196 C changed the
leading and trailing edges of the oscillator pulses by producing overshoot. The research and development efforts performed
under the Low Temperature Electronics Program at Glenn are being carried out through collaboration with other Government
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agencies, industrial and aerospace companies, and academia. The program supports missions as well as technology
development efforts at NASA’s Goddard Space Flight Center and Langley Research Center, and the Jet Propulsion Laboratory.
Author

Cryogenics; Electronics; Spacecraft Performance

20050201893 NASA Glenn Research Center, Cleveland, OH, USA, Michigan Univ., MI, USA
High-Power, High-Frequency Si-Based (SiGe) Transistors Developed
Ponchak, George E.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

Future NASA, DOD, and commercial products will require electronic circuits that have greater functionality and
versatility but occupy less space and cost less money to build and integrate than current products. System on a Chip (SOAC),
a single semiconductor substrate containing circuits that perform many functions or containing an entire system, is widely
recognized as the best technology for achieving low-cost, small-sized systems. Thus, a circuit technology is required that can
gather, process, store, and transmit data or communications. Since silicon-integrated circuits are already used for data
processing and storage and the infrastructure that supports silicon circuit fabrication is very large, it is sensible to develop
communication circuits on silicon so that all the system functions can be integrated onto a single wafer. Until recently, silicon
integrated circuits did not function well at the frequencies required for wireless or microwave communications, but with the
introduction of small amounts of germanium into the silicon to make silicon-germanium (SiGe) transistors, silicon-based
communication circuits are possible. Although microwavefrequency SiGe circuits have been demonstrated, there has been
difficulty in obtaining the high power from their transistors that is required for the amplifiers of a transmitter, and many
researchers have thought that this could not be done. The NASA Glenn Research Center and collaborators at the University
of Michigan have developed SiGe transistors and amplifiers with state-of-the-art output power at microwave frequencies from
8 to 20 GHz. These transistors are fabricated using standard silicon processing and may be integrated with CMOS integrated
circuits on a single chip. A scanning electron microscope image of a typical SiGe heterojunction bipolar transistor is shown
in the preceding photomicrograph. This transistor achieved a record output power of 550 mW and an associated power-added
efficiency of 33 percent at 8.4 GHz, as shown. Record performance was also demonstrated at 12.6 and 18 GHz. Developers
have combined these state-of-the-art transistors with transmission lines and micromachined passive circuit components, such
as inductors and capacitors, to build multistage amplifiers. Currently, a 1-W, 8.4-GHz power amplifier is being built for NASA
deep space communication architectures.
Author
Germanium; Silicon Transistors; Transistors; Fabrication; High Frequencies; Power Amplifiers

20050201894 NASA Glenn Research Center, Cleveland, OH, USA
Low-Loss, High-Isolation Microwave Microelectromechanical Systems (MEMS) Switches Being Developed
Ponchak, George E.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

Switches, electrical components that either permit or prevent the flow of electricity, are the most important and widely
used electrical devices in integrated circuits. In microwave systems, switches are required for switching between the
transmitter and receiver; in communication systems, they are needed for phase shifters in phased-array antennas, for radar and
communication systems, and for the new class of digital or software definable radios. Ideally, switches would be lossless
devices that did not depend on the electrical signal’s frequency or power, and they would not consume electrical power to
change from OFF to ON or to maintain one of these two states. Reality is quite different, especially at microwave frequencies.
Typical switches in microwave integrated circuits are pin diodes or gallium arsenide (GaAs) field-effect transistors that are
nonlinear, with characteristics that depend on the power of the signal. In addition, they are frequency-dependent, lossy, and
require electrical power to maintain a certain state. A new type of component has been developed that overcomes most of these
technical difficulties. Microelectromechanical (MEMS) switches rely on mechanical movement as a response to an applied
electrical force to either transmit or reflect electrical signal power. The NASA Glenn Research Center has been actively
developing MEMS for microwave applications for over the last 5 years. Complete fabrication procedures have been developed
so that the moving parts of the switch can be released with near 100-percent yield. Moreover, the switches fabricated at Glenn
have demonstrated state-of-the-art performance. A typical MEMS switch is shown. The switch extends over the signal and
ground lines of a finite ground coplanar waveguide, a commonly used microwave transmission line. In the state shown, the
switch is in the UP state and all the microwave power traveling along the transmission line proceeds unimpeded. When a
potential difference is applied between the cantilever and the transmission line, the cantilever is pulled downward until it
connects the signal line to the ground planes, creating a short circuit. In this state, all the microwave power is reflected. The
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graph shows the measured performance of the switch, which has less than 0.1 dB of insertion loss and greater than 30dB of
isolation. These switches consume negligible electrical power and are extremely linear. Additional research is required to
address reliability and to increase the switching speed.

Author

Microelectromechanical Systems, Microwave Circuits, Integrated Circuits; Electric Switches; Fabrication

20050201924 Princeton Univ., NJ USA
Space Charge Saturated Sheath Regime and Electron Temperature Saturation in Hall Thrusters
Raitses, Y.; Staack, D.; Smirnov, A.; Fisch, N. J.; Mar. 2005; 52 pp.; In English
Report No.(s): DE2005-837855; PPPL-4058; No Copyright; Avail: Department of Energy Information Bridge

Secondary electron emission in Hall thrusters is predicted to lead to space charge saturated wall sheaths resulting in
enhanced power losses in the thruster channel. Analysis of experimentally obtained electron-wall collision frequency suggests
that the electron temperature saturation, which occurs at high discharge voltages, appears to be caused by a decrease of the
Joule heating rather than by the enhancement of the electron energy loss at the walls due to a strong secondary electron
emission.
NTIS
Electron Emission; Electron Energy; Hall Thrusters; Sheaths; Space Charge

20050201993 Lawrence Livermore National Lab., Livermore, CA USA

Heterodyne Mask Blank Defect Detection LDRD Project Final Report

Johnson, M. A.; Sommargren, G. E.; Feb. 04, 2000; 30 pp.; In English

Report No.(s): DE2005-15013535; UCRL-ID-137883; No Copyright; Avail: Department of Energy Information Bridge
Mask blanks are the substrates that hold the master patterns for integrated circuits. Integrated circuits are semiconductor

devices, such as microprocessors, dynamic random access memory (DRAMs), and application specific integrated circuits

(ASICs) that are central to the computer, communication, and electronics industries. These devices are fabricated using a set

of master patterns that are sequentially imaged onto light-sensitive coated silicon wafers and processed to form thin layers of

insulating and conductive materials on top of the wafer. These materials form electrical paths and transistors that control the

flow of electricity through the device.

NTIS

Defects; Detection; Heterodyning; Integrated Circuits; Masks

20050202021 Missouri Univ., Rolla, MO, USA
AC/DC Power Systems with Applications for future Lunar/Mars base and Crew Exploration Vehicle
Chowdhury, Badrul H.; NASA Summer Faculty Fellowship Program 2004, Volumes 1 and 2; August 2005, pp. 4-1 - 4-17;
In English; See also 20050202011; Original contains black and white illustrations
Contract(s)/Grant(s): NAG9-1526; NNJO4JF93A; No Copyright; Avail: CASI; A03, Hardcopy

ABSTRACT The Power Systems branch at JSC faces a number of complex issues as it readies itself for the President’s
initiative on future space exploration beyond low earth orbit. Some of these preliminary issues - those dealing with electric
power generation and distribution on board Mars-bound vehicle and that on Lunar and Martian surface may be summarized
as follows: Type of prime mover - Because solar power may not be readily available on parts of the Lunar/Mars surface and
also during the long duration flight to Mars, the primary source of power will most likely be nuclear power (Uranium fuel rods)
with a secondary source of fuel cell (Hydrogen supply). The electric power generation source - With nuclear power being the
main prime mover, the electric power generation source will most likely be an ac generator at a yet to be determined frequency.
Thus, a critical issue is whether the generator should generate at constant or variable frequency. This will decide what type
of generator to use - whether it is a synchronous machine, an asynchronous induction machine or a switched reluctance
machine. The type of power distribution system - the distribution frequency, number of wires (3- wire, 4-wire or higher), and
ac/dc hybridization. Building redundancy and fault tolerance in the generation and distribution sub-systems so that the system
is safe; provides 100% availability to critical loads; continues to operate even with faulted sub-systems; and requires minimal
maintenance. This report descril_es results of a summer faculty fellowship spent in the Power Systems Branch with the
specific aim of investigating some of the lessons learned in electric power generation and usage from the terrestrial power
systems industry, the aerospace industry as well as NASA’s on-going missions so as to recommend novel surface and
vehicle-based power systems architectures in support of future space exploration initiatives. A hybrid ac/dc architecture with
source side and load side redundancies and including emergency generators on both ac and dc sides is proposed. The
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generation frequency is 400 Hz mostly because of the technology maturity at this frequency in the aerospace industry. Power
will be distributed to several ac load distribution buses through solid state variable speed, constant frequency converters on
the ac side. A segmented dc ring bus supplied from ac/dc converters and with the capability of connecting/disconnecting the
segments will supply power to multiple de load distribution buses. The system will have the capability of reverse flow from
dc to ac side in the case of an extreme emergency on the main ac generation side.

Author

AC Generators; Electric Power Supplies; Electric Generators; Aerospace Industry; Frequency Converters

20050202090 QSS Group, Inc., Cleveland, OH, USA
Design Considerations for High Temperature Power Inductors
Niedra, Janis M.; July 2005; 22 pp.; In English; Second International Energy Conversion Engineering Conference, 16-19 Aug.
2004, Providence, RI, USA
Contract(s)/Grant(s): NAS3-00145; NAS3-98008; WBS 220319-20-N1
Report No.(s): NASA/CR-2005-213354; E-14822; AIAA Paper 2004-5748; No Copyright; Avail: CASI; A03, Hardcopy

A uniform B-field approximation model is used to develop design formulas for single-layer wound, toroidal core, ac
power inductors that must handle a specified current. Such a geometry is well suited for high temperature, high frequency
inductors, where removal of heat from the core becomes critical. Explicit expressions are derived for core radii, core and
winding volumes, winding turns and core permeability as functions of a dimensional scaling ratio (S). A limit on the maximum
allowed core B-field leads to the result that the minimum core volume is proportional to the permeability, which has a lower
bound. Plots versus S are provided for a specific case, to show that good designs can be picked in the overlap regions around
the minima in mass and overall size, where the mass and size are relatively flat. Data to 250 C are presented for an MPP core
based inductor to show that a quasi-linear, high temperature inductor can be constructed with available materials. A similar
development is applied to a toroidal air-core geometry, showing that for the same ratings, such an inductor is considerably
bigger and more massive, at least in the single-layer version.
Author
High Temperature; Inductors; Magnetic Cores; Approximation;, Mathematical Models; Electrical Engineering

20050203656 NASA Glenn Research Center, Cleveland, OH, USA
Broadband, Low-Loss Phase Shifters Based on Thin Ferroelectric Films
Romanofsky, Robert; [2004]; 1 pp.; In English; IEEE Microwave Symposium, 6-11 Jun. 2004, Fort Worth, TX, USA; No
Copyright; Avail: Other Sources; Abstract Only

Several different types of microwave transmission line phase shifters based on thin ferroelectic films have been developed
at the NASA Glenn Research Center. These include a series of coupled microstrip lines, slotline incorporating Marchand
balms, odd-mode coplanar strips, and hybrid devices incorporating a switch to toggle the output termination between an open
and virtual short circuit. A review of the theory of operation of each of these devices will be presented along with measured
performance. Also, devices of the first variety have been subjected to total dose (proton) radiation exposure using a 200 MeV
beam energy with a total dose up to nearly 1 kRad (Si). Results of these radiation tests will be discussed.
Author
Broadband; Ferroelectricity; Thin Films; Phase Shift; Microwave Transmission

20050203687 NASA Glenn Research Center, Cleveland, OH, USA, Naval Sea Systems Command, Crane, IN, USA
Individual Pressure Vessel (PV) and Common Pressure Vessel (CPV) Nickel-Hydrogen Battery Performance Under
LEO Cycling Conditions
Miller, Thomas B.; Lewis, Harlan L.; [2004]; 1 pp.; In English; Aerospace Corporation Space Power Workshop 2004, 19-22
Apr. 2004, Manhattan Beach, CA, USA
Contract(s)/Grant(s): NASA Order C-30008-K; No Copyright; Avail: Other Sources; Abstract Only

LEO life cycle testing of Individual Pressure Vessel (PV) and Common Pressure Vessel (CPV) nickel-hydrogen cell packs
have been sponsored by the NASA Aerospace Flight Battery Program. The cell packs have cycled under both 35% and 60%
depth-of- discharge and temperature conditions of -5 C and +lO C. The packs have been on test since as early as 1992 and
have generated a substantial database. This report will provide insight into performance trends as a function of the specific
cell configuration and manufacturer for eight separate nickel-hydrogen battery cell packs.
Author
Electric Batteries; Nickel Hydrogen Batteries; Pressure Vessels; Life (Durability)
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20050203777 Naval Research Lab., Washington, DC, USA
Modeling Solar Cell Degradation in Space: A Comparison of the JPL and NRL Methods
Summers, Geoffrey P.; Messenger, Scott R.; Walters, Robert J.; Burke, Edward A.; 16th Space Photovoltaic Research and
Technology Conference; May 2005, pp. 1-12; In English; See also 20050203753; Original contains black and white
illustrations; No Copyright; Avail: CASI; A03, Hardcopy

This paper presents viewgraphs on the Modeling of Solar Cell Degradation in Space with a comparison of JPL and NRL
Methods. The topics include: 1) The Problem; 2) The JPL Equivalent Fluence Method; 3) The NRL Displacement Damage
Dose Method; 4) Comparison of Results; and 5) Issues
CASI
Degradation; Solar Cells; Models; Aerospace Environments

20050203789 TECSTAR, Inc., City of Industry, CA, USA
TECSTAR'’S Next Generation Cascade. Solar Cell Improvements: A Monolithic Integral Diode and New Middle Cell
Formation
Kilmer, Louis C.; Chu, Charlie; Yeh, Milton; Iles, Peter; Chiang, P. K.; Ho, Frank; 16th Space Photovoltaic Research and
Technology Conference; May 2005, pp. 83-93; In English; See also 20050203753; Original contains color illustrations; No
Copyright; Avail: CASI; A03, Hardcopy

TECSTAR has developed several major improvements to its Commercial Cascade multijunction solar cell throughout the
early part of 1999, that when combined, increase the efficiency of the solar cells by 4.3% at beginning-of-life (BOL) and
10.4% at the end-of-life (EOL). TECSTAR fully qualified and began production of its standard Commercial Cascade
multijunction solar cell in mid-1998 and early production achieved average efficiencies around 21.9%. By the end of 1998,
this was improved to 23.0% and the path to even higher efficiencies was established and was aggressively pursued such that
24.0% fully reverse bias protected, radiation hard solar cells will be space qualified and available by the end of 1999.
Author
Solar Cells; Junction Diodes; Cascade Control; Integrated Circuits

20050203790 Emcore Corp., Albuquerque, NM, USA
Development, Space Qualification, and Production of High-Efficiency Large-Area InGaP/GaAs Dual-Junction Solar
Cells on Ge at Emcore Photovoltaics (EPV)
Fatemi, Navid S.; Hou, Hong Q.; Sharps, Paul R.; Martin, Paul M.; Hammons, B. E.; Spadafora, Frank; 16th Space
Photovoltaic Research and Technology Conference; May 2005, pp. 94-108; In English; See also 20050203753; Original
contains black and white illustrations; No Copyright; Avail: CASI; A03, Hardcopy

This paper describes the development, space qualification, and production of high-efficiency dual-junction InGaP/GaAs
solar cells grown on Ge substrates, at Emcore Photovoltaics (EPV). The fully automated EPV manufacturing facility in
Albuquerque, New Mexico was built in late 1998 from ground up for volume production of multi-junction solar cells for space
power. High-efficiency in InGaP/GaAs dual-junction solar cells, with n-on-p polarity, were space qualified and in volume
production in the middle of 1999. All the solar cells were designed for the best end-of-life (EOL) performance. The power
remaining factor after irradiaion with 1-MeV electrons at a fluence of 1E15 e per square centimeter is 0.83. The minimum
average conversion efficiency of the large-area (27.5 square centimeters) solar cell currently in production is 23.0% (AMO,
135.3 milliwatts per square centimeter, 28 C), producing about 0.86 watts of power per cell. The highest efficiency from this
dual-junction solar cell (on Ge) measured to date is 24.1%. We will also present a product roadmap for the development of
ultra-high-efficiency (greater than 30%) solar cells
Author
Gallium Arsenides; Gallium Phosphides; Indium Phosphides; Solar Cells; Germanium; Photovoltaic Effect; Quantum
Efficiency

20050203863 NASA Glenn Research Center, Cleveland, OH, USA
High Mobility SiGe/Si n-Type Structures and Field Effect Transistors on Sapphire Substrates
Alterovitz, Samuel A.; Ponchak, George E.; Mueller, Carl H.; Croke, Edward T.; March 10, 2004; 2 pp.; In English; 5th
Topical Meeting on Silicon Monolithic Integrated Circuits in RF Systems, 8-10 Sep. 2004, Atlanta, GA, USA
Contract(s)/Grant(s): 22-090-20-C1; Copyright; Avail: CASI; AO1, Hardcopy

SiGe/Si n-type modulation doped field effect transistors (MODFETSs) fabricated on sapphire substrates have been
characterized at microwave frequencies for the first time. The highest measured room temperature electron mobility is 1380
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sq cm/V-sec at a carrier density of 1.8 x 10(exp 12)/sq cm for a MODFET structure, and 900 sq cm/V-sec at a carrier density
of 1.3 x 10/sq cm for a phosphorus ion implanted sample. A two finger, 2 x 200 micron gate n-MODFET has a peak
transconductance of 37 mS/mm at a drain to source voltage of 2.5 V and a transducer gain of 6.4 dB at 1 GHz.

Author

Modfets; N-Type Semiconductors; Sos (Semiconductors); Electron Mobility; Silicon Compounds; Germanium Compounds

20050203939 Stevens Inst. of Tech., Hoboken, NJ, USA
Performance Comparison of Two Delay Sensitive Multipath Routing Schemes in Ad Hoc Directional Networks
Li, Yang; Man, Hong; Conference on Advances in Internet Technologies and Applications, with Special Emphasis on
E-Education, E-Enterprise, E-Manufacturing, E-Mobility, and Related Issues (CAITA-2004); [2004]; 8 pp.; In English; See
also 20050203892; Original contains color illustrations; Copyright; Avail: CASI; A02, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

Exploiting directional antennae in Ad hoc networks has become an active research topic because of the potential capacity
increase through spatial reuse. Current research efforts have only considered applying conventional ad hoc routing protocols
(e.g. DSR, AODV) on these type of networks. The routing schemes are typically based on the shortest path metric. However
such a routing approach often suffers long transmission delay and frequent link breakage in directional networks. This is
caused by a unique feature of directional transmission commonly known as node ‘deafness’ [1]. To address this problem, we
proposed a multi-path routing scheme which focuses more on minimizing per-hop delays instead of route length. In this paper,
two implementations of this scheme based on AODV and DSR protocols are presented; a performance comparison between
these protocols is provided. Simulation results demonstrate a clear performance improvement by using such a delay-sensitive
routing approach for directional ad hoc networks.
Author
Multipath Transmission; Protocol (Computers); Directional Antennas
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FLUID MECHANICS AND THERMODYNAMICS

Includes fluid dynamics and kinematics and all forms of heat transfer; boundary layer flow; hydrodynamics; hydraulics; fluidics; mass
transfer and ablation cooling. For related information see also 02 Aerodynamics.

20050199448 National Center for Microgravity Research on Fluids and Combustion, Cleveland, OH, USA
Novel Shapes of Miscible Interfaces Observed
Balasubramaniam, Ramaswamy; Rashidnia, Nasser; Research and Technology 2000; March 2001; 3 pp.; In English; No
Copyright; Avail: CASI; AO1, Hardcopy

The dynamics of miscible displacements in a cylindrical tube are being investigated experimentally and numerically, with
a view to understand the complex processes that occur, for example, in enhanced oil recovery, hydrology, and filtration. We
have observed complex shapes of the interface between two liquids that mix with each other when the less viscous liquid is
displaced by the more viscous one in a tube. A less viscous fluid that displaces a more viscous fluid is known to propagate
in the form of a ‘finger,” and a flight experiment proposed by Maxworthy et al. to investigate the miscible-interface dynamics
is currently being developed by NASA. From the current theory of miscible displacements, which was developed for a porous
medium satisfying Darcy’s law, it can be shown that in the absence of gravity the interface between the fluids is destabilized
and thus susceptible to fingering only when a more viscous fluid is displaced by a less viscous one. Therefore, if the interface
is initially flat and the more viscous fluid displaces the less viscous fluid, the interface ought to be stable and remain flat.
However, numerical simulations by Chen and Meiburg for such displacement in a cylindrical tube show that the interface is
unstable and a finger of the more viscous fluid is indeed formed. Preliminary experiments performed at the NASA Glenn
Research Center show that not only can fingering occur when the more viscous fluid displaces a less viscous one in a
cylindrical tube, but also that under certain conditions the advancing finger achieves a sinuous or snakelike shape. These
experiments were performed using silicone oils in a vertical pipette of small diameter. In the initial configuration, the more
viscous fluid rested on top of the less viscous one, and the interface was nominally flat. A dye was added to the upper liquid
for ease of observation of the interface between the fluids. The flow was initiated by draining the lower fluid from the bottom
of the pipette, at speeds less than 0.1 mm/sec.
Author
Cylindrical Bodies; Displacement; Experimentation; Numerical Analysis; Viscous Fluids
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20050199449 NASA Glenn Research Center, Cleveland, OH, USA
Gas-Liquid Two-Phase Flows Through Packed Bed Reactors in Microgravity
Motil, Brian J.; Balakotaiah, Vemuri; Research and Technology 2000; March 2001; 3 pp.; In English; No Copyright; Avail:
CASI; A01, Hardcopy

The simultaneous flow of gas and liquid through a fixed bed of particles occurs in many unit operations of interest to the
designers of space-based as well as terrestrial equipment. Examples include separation columns, gas-liquid reactors,
humidification, drying, extraction, and leaching. These operations are critical to a wide variety of industries such as petroleum,
pharmaceutical, mining, biological, and chemical. NASA recognizes that similar operations will need to be performed in space
and on planetary bodies such as Mars if we are to achieve our goals of human exploration and the development of space. The
goal of this research is to understand how to apply our current understanding of two-phase fluid flow through fixed-bed
reactors to zero- or partial-gravity environments. Previous experiments by NASA have shown that reactors designed to work
on Earth do not necessarily function in a similar manner in space. Two experiments, the Water Processor Assembly and the
Volatile Removal Assembly have encountered difficulties in predicting and controlling the distribution of the phases (a crucial
element in the operation of this type of reactor) as well as the overall pressure drop.
Derived from text
Crude Oil; Fluid Flow; Liquid-Gas Mixtures; Two Phase Flow

20050199450 National Center for Microgravity Research on Fluids and Combustion, Cleveland, OH, USA

How Does a Liquid Wet a Solid? Hydrodynamics of Dynamic Contact Angles

Rame, Enrique; Research and Technology 2000; March 2001; 4 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
A contact line is defined at the intersection of a solid surface with the interface between two immiscible fluids. When one

fluid displaces another immiscible fluid along a solid surface, the process is called dynamic wetting and a ‘moving’ contact

line (one whose position relative to the solid changes in time) often appears. The physics of dynamic wetting controls such

natural and industrial processes as spraying of paints and insecticides, dishwashing, film formation and rupture in the eye and

in the alveoli, application of coatings, printing, drying and imbibition of fibrous materials, oil recovery from porous rocks, and

microfluidics.

Derived from text

Hydrodynamics; Wetting; Solid Surfaces; Liquid Phases

20050199658 Virginia Univ., Charlottesville, VA, USA
Planar Laser-Induced Iodine Fluorescence Measurements in Rarefied Hypersonic Flow
Cecil, Eric; McDaniel, James C.; [2005]; 6 pp.; In English; Original contains black and white illustrations
Contract(s)/Grant(s): NAG1-01031; No Copyright; Avail: CASI; A02, Hardcopy

A planar laser-induced fluorescence (PLIF) technique is discussed and applied to measurement of time-averaged values
of velocity and temperature in an I(sub 2)-seeded N(sub 2) hypersonic free jet facility. Using this technique, a low temperature,
non-reacting, hypersonic flow over a simplified model of a reaction control system (RCS) was investigated. Data are presented
of rarefied Mach 12 flow over a sharp leading edge flat plate at zero incidence, both with and without an interacting jet issuing
from a nozzle built into the plate. The velocity profile in the boundary layer on the plate was resolved. The slip velocity along
the plate, extrapolated from the velocity profile data, varied from nearly 100% down to 10% of the freestream value. These
measurements are compared with results of a DSMC solution. The velocity variation along the centerline of a jet issuing from
the plate was measured and found to match closely with the correlation of Ashkenas and Sherman. The velocity variation in
the oblique shock terminating the jet was resolved sufficiently to measure the shock wave thickness.
Author
Laser Induced Fluorescence; Time Temperature Parameter; Time Measurement; Velocity Distribution; Hypersonic Flow; Low
Temperature; Reacting Flow; Flat Plates; Sharp Leading Edges

20050199659 NASA Glenn Research Center, Cleveland, OH, USA
Effect of Scattering on the Heat Transfer Behavior of a Typical Semitransparent TBC Material on a Substrate
Spuckler, Charles M.; [2005]; 8 pp.; In English; 29th International Conference on Advanced Ceramics and Composites, 23-28
Jan. 2005, Cocoa Beach, FL, USA
Contract(s)/Grant(s): WBS 22-714-20-09
Report No.(s): AIAA Paper 2005-2846; No Copyright; Avail: CASI; A02, Hardcopy

A parametric study was performed to examine the effects of isotropic scattering on the heat transfer in typical
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semitransparent thermal barrier coating on an opaque substrate. Some ceramic materials are semitransparent in the wavelength
range where thermal radiation is important. Therefore, absorption, emission, and scattering of thermal radiation by the
semitransparent layer and the emissivity of the substrate will affect the heat transfer and temperature in the layer. Scattering
which depends on the structure of the semitransparent material can be used to increase the reflectivity of the layer and therefore
decrease the heat transfer through the layer. A one dimensional model of a 1 mm thick semitransparent layer on a substrate
was used in this study. The front of the semitransparent layer is heated by convection and radiation and the back of the
substrate is cooled by radiation and convection. The coating is assumed to be semitransparent up to a cutoff wavelength and
opaque at higher wavelengths. The absorption and scattering coefficient are constant over the wavelength range where the
material is semitransparent. The absorption coefficient, scattering coefficients, width of the semitransparent band, and the bond
coat emissivity are varied. Temperature profiles and heat flux through layers as a function of absorption and scattering
coefficients are presented.

Author

Heat Transfer; Scattering; Radiation Absorption; Emissivity; Ceramics; Convection; Thermal Control Coatings

20050199707 NASA Langley Research Center, Hampton, VA, USA
Particle Image Velocimetry Measurements to Evaluate the Effectiveness of Deck-Edge Columnar Vortex Generators on
Aircraft Carriers
Landman, Drew; Lamar, John E.; Swift, Russell; [2005]; 16 pp.; In English; RTO/AVT-124 Specialist Meeting on Recent
Developments in Non-Intrusive Measurement Technology for Military Application on Model-and FUII-Scale Vehicles, 25-29
Apr. 2005, Budapest, Hungary
Contract(s)/Grant(s): 23-090-50-70
Report No.(s): RTO-MP-AVT-124; Paper 7; Copyright; Avail: CASI; A03, Hardcopy

Candidate passive flow control devices were chosen from a NASA flow visualization study to investigate their
effectiveness at improving flow quality over a flat-top carrier model. Flow over the deck was analyzed using a particle image
velocimeter and a 1/120th scaled carrier model in a low-speed wind tunnel. Baseline (no devices) flow quality was compared
to flow quality from combinations of bow and deck-edge devices at both zero and 20 degrees yaw. Devices included plain flaps
and spiral cross-section columnar vortex generators attached in various combinations to the front and sides of the deck.
Centerline and cross plane measurements were made with velocity and average turbulence measurements reported. Results
show that the bow/deck-edge flap and bow/deck-edge columnar vortex generator pairs reduce flight deck turbulence both at
zero yaw and at 20 degrees yaw by a factor of approximately 20. Of the devices tested, the most effective bow-only device
appears to be the plain flap.
Author
Particle Image Velocimetry; Vortex Generators;, Computational Fluid Dynamics; Aircraft Carriers; Low Speed Wind Tunnels;
Aircraft Compartments

20050200846 Naval Surface Warfare Center, Bethesda, MD USA

Experiment to Examine the Effect of Scale on a Breaking Bow Wave

Karion, Anna; Fu, Thomas C.; Waniewski-Sur, Tricia; Rice, James R.; Walker, Don C.; Furey, Deborah A.; Dec. 2004; 57 pp.;
In English; Original contains color illustrations

Report No.(s): AD-A435388; NSWCCD-50-TR-2004/060; No Copyright; Avail: Defense Technical Information Center
(DTIC)

A prismatic wedge was towed in fresh water in the David Taylor Model Basin at the Naval Surface Warfare Center,
Carderock Division (NSWCCD), generating a large bow wave. Towing speeds ranged from 0.7 to 4.6 m/s, and drafts ranged
from 0.6 to 1.5 m. These conditions correspond to Froude numbers from 0.2 to 1.4, Reynolds numbers from 4.1 x10(exp 5)
to 7.0x10(exp 6) (both based on draft, D) and Weber numbers from 11 to 2800 (based on bow radius, R). In addition to the
variations in draft and speed, two different bow geometries were investigated: one with a 20 degree bow entrance angle, 20
degree flare, and sharp leading edge, and one with a 40 degree bow entrance angle, no flare, and rounded leading edge.
Measurements of free-surface elevations near the bow were made using a laser imaging technique. High-speed video of the
spray generated by the bow wave was also analyzed to yield droplet size and velocity distributions. These measurements
provide a useful data set to researchers wishing to validate advanced numerical techniques. Presently, the results are used to
investigate scaling issues associated with breaking bow waves.

DTIC
Bow Waves; Hydromechanics; Models; Ships; Water Waves
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20050200852 Stanford Univ., Stanford, CA USA
Transonic Cascade Measurements to Support Analytical Modeling
Durbin, Paul A.; Eaton, John K.; Laskowski, Greg; Vicharelli, Amanda; May 2005; 41 pp.; In English
Contract(s)/Grant(s): F49260-02-1-0284
Report No.(s): AD-A435404; AFRL-SR-AR-TR-05-0263; No Copyright; Avail: CASI; A03, Hardcopy

Turbulence measurements were made in a transonic turbine cascade using PIV in a unique two-passage model consisting
of a single full blade and two shaped outer walls. The outer wall shapes were prescribed using an inverse design procedure
that gave the correct infinite-cascade pressure and mean velocity distribution around the blade. The outer surfaces of the
curved walls were shaped to steer a laser sheet to provide uniform illumination for the PIV. The PIV measurements were
performed over a large number of small domains providing excellent spatial resolution over most of the flow field.
Measurements in the free stream above the blade boundary layers showed that the absolute magnitude of the turbulent stresses
changed little through the strong acceleration and curvature. This means that the relative turbulence intensity falls rapidly as
the flow accelerates through the cascade. Detailed comparison to various turbulence models is underway.
DTIC
Mathematical Models; Transonic Flow

20050200873 Purdue Univ., West Lafayette, IN USA
Blade Row Interaction Unsteady Aerodynamics and Variability for Aeromechanics and HCF
Fleeter, Sanford; Jan. 2004; 21 pp.; In English
Contract(s)/Grant(s): F49620-02-1-0040
Report No.(s): AD-A435470; AFRL-SR-AR-TR-05-0186; No Copyright; Avail: CASI; A03, Hardcopy

This research is directed at the development of the technology needed to accurately predict significant blade row forced
response in a multistage environment. Specific objectives include addressing design and off-design blade row interaction
unsteady aerodynamics including unsteady aerodynamic variability. The technical approach requires that blade row interaction
unsteady aerodynamic data be acquired and analyzed for realistic geometries and flow conditions. Thus, experiments are
performed in the Purdue Transonic Research Compressor Facility. It features a 1-1/2 stage axial-flow geometry representative
of that used in the front stages of advanced high-pressure compressors including advanced controlled diffusion airfoil (CDA)
designed in cooperation with Pratt & Whitney. Note that this compressor design was directed at transonic blade row interaction
unsteady aerodynamics and HCF studies.
DTIC
Aerodynamic Forces; Compressor Blades; Compressors; Fluid Mechanics;, High Pressure; Turbocompressors;
Turbomachinery; Unsteady Aerodynamics; Unsteady Flow; Variability

20050200901 Florida Univ., Gainesville, FL. USA
Design Tools for Zero-Net Mass-Flux Separation Control Devices
Gallas, Quentin; Holman, Ryan; Cattafesta, Lou; Dec. 2004; 192 pp.; In English
Contract(s)/Grant(s): F49620-03-1-0135
Report No.(s): AD-A435534; AFRL-SR-AR-TR-05-0266; No Copyright; Avail: CASI; A09, Hardcopy

This report discusses the fundamental dynamics of zero-net mass flux (ZNMF) actuators commonly used in active
flow-control applications. The present work addresses unresolved technical issues by providing a clear physical understanding
of how these devices behave in a quiescent medium and interact with an external boundary layer by developing and validating
reduced-order models. The results are expected to ultimately aid in the analysis and development of design tools for ZNMF
actuators in flow-control applications.
DTIC
Actuators; Boundary Layer Separation; Control Equipment; Flux Density; Mass Flow; Separated Flow; Software
Development Tools

20050200978 Naval Postgraduate School, Monterey, CA USA
Baroclinicity, Forcing Mechanism and Prediction of Chemical Propagation of San Diego Bay and Their Effects on
Naval Applications
Kyriakidis, Kleanthis; Jun. 2005; 115 pp.; In English; Original contains color illustrations
Report No.(s): AD-A435669; No Copyright; Avail: Defense Technical Information Center (DTIC)
Both instantaneous current and chemical propagation predictions are of utmost importance for all littoral naval operations,
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including diving, amphibious and mine warfare ones. Undoubtedly, the operating limits and environmental thresholds are
crucial and highly reliant on the accuracy and precision of the predictions. San Diego Bay is important because it hosts a large
part of the U.S. fleet and has special ecological significance. A hydrodynamic model, ‘Water Quality Management and
Analysis Package’ (WQMAP), is used to predict the instantaneous currents with various forcing functions (tides, winds, and
lateral boundary fluxes) and a hydrochemical model, ‘Chemical Management and Analysis Package’, (CHEMMAP) to predict
the water contamination and to simulate chemical attacks/accidents in San Diego Bay, which raise considerations regarding
public health, economy, ecology or even national security. The study shows the barotropic nature of San Diego Bay, the slight
significance of wind and the vulnerability of a semi-enclosed tidal basin in a possible chemical attack or accident.
Simultaneously, it evaluates and uses two models used by NAVOCEANO.

DTIC

Baroclinity; Contaminants; Predictions

20050200980 Naval Postgraduate School, Monterey, CA USA

Breaking Wave Turbulence in the Surf Zone

Sweeny, Margaret E.; Jun. 2005; 71 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435679; No Copyright; Avail: Defense Technical Information Center (DTIC)

An increasingly exercised and precarious region of the maritime battlefield is the surf zone. Wave properties and
turbulence dissipation from breaking waves in the surf zone were calculated from data collected during the 2001 RIPEX/ steep
Beach Experiment. Wave characteristics, such as current velocities, period, significant wave and sea surface height, and tide
were examined. The tide was shown to have the major influence on the breadth and the location of the surf zone from the
shoreline. Video imaging time series were geometrically transformed into plan views of pixel brightness related to wave
breaking intensity. Surf zone boundaries were generated using both a computer algorithm and manual manipulation. Two
methods were examined for calculating breaking wave dissipation rates for particularly robust days (110.5 -114.5). Velocity
data were acquired using two electromagnetic current meters over the vertical mounted on a tower at mid-surf zone. The first
method identified individual bores, which were ensemble averaged by phase over 30 minute records to obtain wave number
spectra invoking Taylor’s frozen turbulence hypothesis. Maximum dissipation rates underneath the bore cycle were shown to
lag behind the sea surface elevation. The second method used 30 minute ensemble averaged spectra to obtain dissipation after
Trowbridge and Elgar (2001). Dissipation rates calculated underneath each bore segment were orders of magnitude smaller
when compared to the ensemble averaged technique.

DTIC
Ocean Surface; Turbulence

20050201015 Naval Postgraduate School, Monterey, CA USA

Ocean Circulation and Exchanges Through the Bering Sea: 1979-2001 Model Results

Jun. 2005; 115 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435745; No Copyright; Avail: Defense Technical Information Center (DTIC)

A model has been developed and run with sufficiently high resolution ("9 km and 45 levels) and a large enough spatial
domain to allow for realistic representation of flow through the narrow and shallow straits in the Bering Sea region. This is
potentially important for quantification of long-term mean and time-dependent ocean circulation, and water mass and property
exchanges between the Pacific and Arctic oceans. The mean modeled circulation in the Bering Sea is found to be in good
agreement with the limited observational data. The Bering Sea Basin, Bering Slope Current, and straits on the northern shelf
are identified as highly energetic regions based on eddy kinetic energy fields. Some high biological productivity regions of
the northern Bering Sea identified in observational studies are coincident with regions of persistently high energy (up to 2600
cm2 s-2 at mid-depth) throughout the annual cycle. Over a twenty three year interval (1979-2001), mean transport through
Bering Strait is estimated to be 0.65 Sv. Comparison of model results with published observations indicates that ocean
circulation is not only variable at seasonal to interdecadal scales, but it is also responsive to short-term atmospheric forcing.
Comparison with observations of near bottom salinity indicates that the model is reasonably representing the major water mass
properties. The long-term model results for the Bering Sea provide important insights into the ocean circulation and fluxes and
they are a useful frame of reference for limited observations that are short-term and/or cover only a small geographic region.
DTIC
Bering Sea; Ocean Currents; Ocean Models
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20050201793 NASA Glenn Research Center, Cleveland, OH, USA
The Influence of Dynamic Contact Angle on Wetting Dynamics
Rame, Enrique; Garoff, Steven; January 2005; 1 pp.; In English; Lab Fusion 2004, 13-16 June 2004, Boston, MA, USA
Contract(s)/Grant(s): NCC-975; Copyright; Avail: Other Sources; Abstract Only

When surface tension forces dominate, and regardless of whether the situation is static or dynamic, the contact angle (the
angle the interface between two immiscible fluids makes when it contacts a solid) is the key parameter that determines the
shape of a fluid-fluid interface. The static contact angle is easy to measure and implement in models predicting static capillary
surface shapes and such associated quantities as pressure drops. By contrast, when the interface moves relative to the solid
(as in dynamic wetting processes) the dynamic contact angle is not identified unambiguously because it depends on the
geometry of the system Consequently, its determination becomes problematic and measurements in one geometry cannot be
applied in another for prediction purposes. However, knowing how to measure and use the dynamic contact angle is crucial
to determine such dynamics as a microsystem throughput reliably. In this talk we will present experimental and analytical
efforts aimed at resolving modeling issues present in dynamic wetting. We will review experiments that show the inadequacy
of the usual hydrodynamic model when a fluid-fluid meniscus moves over a solid surface such as the wall of a small tube or
duct. We will then present analytical results that show how to parametrize these problems in a predictive manner. We will
illustrate these ideas by showing how to implement the method in numerical fluid mechanical calculations.
Author
Interfacial Tension; Surface Properties;, Wetting; Solid Surfaces; Predictions

20050201952 Bureau of Reclamation, Denver, CO, USA
Evaluation of Flow Rate of 20-inch-Diameter Permeability Test System
Metcalf, T. E.; May 1986; 22 pp.; In English
Report No.(s): PB2005-107616; GR-86-8; No Copyright; Avail: CASI; A03, Hardcopy

Laboratory permeability tests on soils containing gravel that were performed using designation E- 14 in the Earth Manual
(Permeability and Settlement of Soil Containing Gravel) showed what appeared to be inconsistent results when coefficients
of hydraulic conductivity were determined at flow rates approaching the hydraulic conductivity limit of the test system.
Although this behavior was noted before, the specific reasons for the inconsistency were not investigated or documented. The
primary problem with the test data appears in the form of decreasing calculated coefficients of hydraulic conductivity as the
hydraulic gradient is increased. Although this appears unreasonable, it occurs because the test system operates at a flow rate
where a linear flow rate versus hydraulic head relationship does not exist because of the test equipment configuration. To
illustrate this behavior, a brief evaluation of the flow rate of the test equipment was performed, and the results were compared
with results from an actual permeability test. This information was useful in identifying inadequacies in the existing test
apparatus, and it provides the basis for guidelines used to evaluate the results of permeability tests.
NTIS
Flow Velocity; Permeability; Soils

20050201953 Bureau of Reclamation, Denver, CO, USA
Hydraulic Flume Laboratory Erosion-Test Equipment
Acciardi, R. G.; Nov. 1984; 92 pp.; In English
Report No.(s): PB2005-107611; GR-84-16; No Copyright; Avail: CASI; A0S, Hardcopy

The overall purpose of this project was to plan for, acquire, and place in operation laboratory test equipment to determine
the potential resistance of soils to surface erosion from flowing water. This equipment would be used for testing nondispersive
soils in auxiliary and emergency spillways, earth-lined and unlined channels, canals, wasteways, compacted embankments,
and other struc- tures. This project is listed as No. DB-13 under the USBR (Bureau of Reclamation) PRESS (Program Related
Engineering and Scientific Studies) and is entitled, Identification of Potentially Erosive Soils. USBR Report No. GR-82-3 (1)’
discusses phase I of the project, which was completed in FY 1981. The approach for phase I involved a review of the literature
on the subject and recommendations for obtaining laboratory equipment suitable for USBR erosion testing. Phase II,
performed during FY 1982 and FY 1983, comprised acquisition of the equipment, calibration, and placement in operation.
Phase III includes the testing of different soils from field sites to establish criteria for assessing the potential erosion resistance
for anticipated field conditions. It should begin in FY 1984. This report summarizes the results of phase II investigations: (1)
equipment acquisition, (2) hydraulic calibration, (3) preliminary operation, and (4) modifications made to improve the
operation of the laboratory erosion flume.
NTIS
Erosion; Hydraulic Analogies; Hydraulic Equipment; Laboratory Equipment
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20050201954 Bureau of Reclamation, Denver, CO USA
Solutions to Problems in Waterhammer Analysis
Donsky, B.; Logan, T. H.; Gebhard, C. W.; January 1962; 140 pp.; In English
Report No.(s): PB2005-107614; No Copyright; Avail: CASI; A07, Hardcopy

This publication is a compilation of solutions and discussions of the problems in the book ‘Waterhammer Analysis’ by
John Parmakian. It was compiled to be used in conjunction with the book, for the Management Technical Training Course in
Waterhammer Analysis. The solutions presented primarily demonstrate the methods presented in each chapter of Mr.
Parmakian’s book, and the answers are of slide rule accuracy. Those problems solved by other methods may be somewhat
different.
NTIS
Pipelines; Water Hammer

20050201996 Lawrence Livermore National Lab., Livermore, CA USA

Effect of Insolation Boundary Conditions on Type B Package Internal Temperatures

Hovingh, J.; Shah, V. L.; May 30, 2002; 14 pp.; In English

Report No.(s): DE2005-15013567; UCRL-JC-148654; No Copyright; Avail: Department of Energy Information Bridge
The prescription of the initial conditions and the final conditions for a thermal accident for Type B packages are different

for differing regulations. This paper presents an analytical method for estimating the effect of the boundary conditions on

post-fire peak internal package temperatures. Results are given for several boundary conditions for a Type B drum-type

package.

NTIS

Boundary Conditions, Insolation; Packaging; Radioactive Materials

20050203675 Air Force Research Lab., USA, NASA Glenn Research Center, Cleveland, OH, USA
Variable Gravity Effects on the Cooling Performance of a Single Phase Confined Spray
Michalak, Travis; Yerkes, Kirk; Baysinger, Karri; McQuillen, John; [2005]; 1 pp.; In English; ASME Heat Transfer
Conference, 17-22 Jul. 2005, San Francisco, CA, USA
Contract(s)/Grant(s): SAA3-307; 22R-101-53-03-61-01; No Copyright; Avail: Other Sources; Abstract Only

The objective of this paper is to discuss the testing of a spray cooling experiment designed to be flown on NASA’s
KC-135 Reduced Gravity Testing Platform. Spray cooling is an example of a thermal management technique that may be
utilized in high flux heat acquisition and high thermal energy transport concepts. Many researchers have investigated the utility
of spray cooling for the thermal management of devices generating high heat fluxes. However, there has been little research
addressing the physics and ultimate performance of spray cooling in a variable gravity environment. An experimental package,
consisting of a spray chamber coupled to a fluid delivery loop system, was fabricated for variable gravity flight tests. The spray
chamber contains two opposing nozzles spraying on target Indium Tin Oxide (ITO) heaters. These heaters are mounted on
glass pedestals, which are part of a sump system to remove unconstrained liquid from the test chamber. Liquid is collected
in the sumps and returned to the fluid delivery loop. Thermocouples mounted in and around the pedestals are used to determine
both the heat loss through the underside of the ITO heater and the heat extracted by the spray. A series of flight tests were
carried out aboard the KC-135, utilizing the ability of the aircraft to produce various gravity conditions. During the flight tests,
for a fixed flow rate, heat input was varied at 20, 30, 50, and 80W with variable gravities of 0.01, 0.16, 0.36, and 1.8g. Flight
test data was compared to terrestrial baseline data in addition to analytical and numerical solutions to evaluate the heat transfer
in the heater and support structure . There were significant differences observed in the spray cooling performance as a result
of variable gravity conditions and heat inputs. In general, the Nussult number at the heater surface was found to increase with
decreasing gravity conditions for heat loads greater than 30W.
Author
Cooling; Microgravity; Gravitational Effects; Fabrication

20050203705 Toledo Univ., OH, USA, NASA Glenn Research Center, Cleveland, OH, USA
Aeroelastic Calculations of Quiet High- Speed Fan Performed
Bakhle, Milind A.; Srivastava, Rakesh; Mehmed, Oral; Min, James B.; Research and Technology 2001; March 2002; 3 pp.;
In English; No Copyright; Avail: CASI; AO1, Hardcopy

An advanced high-speed fan was recently designed under a cooperative effort between the NASA Glenn Research Center
and Honeywell Engines & Systems. The principal design goals were to improve performance and to reduce fan noise at
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takeoff. Scale models of the Quiet High-Speed Fan were tested for operability, performance, and acoustics. During testing, the
fan showed significantly improved noise characteristics, but a self-excited aeroelastic vibration known as flutter was
encountered in the operating range. Flutter calculations were carried out for the Quiet High-Speed Fan using a
three-dimensional, unsteady aerodynamic, Reynolds-averaged Navier-Stokes turbomachinery code named ‘TURBO.’ The
TURBO code can accurately model the viscous flow effects that can play an important role in various aeroelastic problems
such as flutter with flow separation, flutter at high loading conditions near the stall line (stall flutter), and flutter in the presence
of shock and boundary-layer interaction. Initially, calculations were performed with no blade vibrations. These calculations
were at a constant rotational speed and a varying mass flow rate. The mass flow rate was varied by changing the backpressure
at the exit boundary of the computational domain. These initial steady calculations were followed by aeroelastic calculations
in which the blades were prescribed to vibrate harmonically in a natural mode, at a natural frequency, and with a fixed
interblade phase angle between adjacent blades. The AE-prep preprocessor was used to interpolate the in-vacuum mode shapes
from the structural dynamics mesh onto the computational fluid dynamics mesh and to smoothly propagate the grid
deformations from the blade surface to the interior points of the grid. The aeroelastic calculations provided the unsteady
aerodynamic forces on the blade surface due to blade vibrations. These forces were vector multiplied with the structural
dynamic mode shape to calculate the work done on the blade during one vibration period, then this result was converted to
an aerodynamic damping. Flutter occurs when the aerodynamic damping becomes negative, if structural damping is ignored.
The results of these aeroelastic calculations are summarized in this plot of aerodynamic damping versus mass flow rate at a
constant rotational speed. As the backpressure is increased, the mass flow rate through the fan decreases and the fan operating
point moves towards the stall line. The aeroelastic calculations showed that the aerodynamic damping decreases as the stall
line is approached, as observed during testing. In addition, the aeroelastic calculations with the TURBO code correctly
predicted the aeroelastic parameters: the most unstable vibration mode and interblade phase angle, as observed during testing.
The Quiet High-Speed Fan demonstrated significant noise reductions during testing, but flutter imposed limits on its operating
range. The accurate calculation of the aeroelastic characteristics using the TURBO code is a significant step toward eliminating
flutter from the operating range and toward realizing the benefits of reduced fan noise. The aeroelastic calculations described
here were performed under a grant by University of Toledo researchers in collaboration with Glenn’s researchers.

Author

Aerodynamic Noise; Aeroelasticity; Computational Fluid Dynamics; Fan Blades; High Speed

20050203717 Canadian Space Agency, Ottawa, Ontario, Canada
Refurbishment of a Large Thermal-Vacuum Space Simulation Chamber
LeBlanc, Raymond; Choueiry, Elie; 23rd Space Simulation Conference Proceedings; [2005]; 45 pp.; In English; See also
20050203713; Original contains color illustrations; No Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

This paper addresses the refurbishment of the TVS5 Thermal-Vacuum Chamber (TV5 formerly known as the 22°x35’
TVAC Chamber), Canada s largest Space Simulation Chamber, located at the David Florida Laboratory of the Canadian Space
Agency in Ottawa, Ontario, Canada. Expansions to the David Florida Laboratory in 1995 necessitated the removal of several
key systems that were part of the TV5 s infrastructure - notably the systems required for thermal recovery of the chamber as
well as the liquid nitrogen dump tank. This paper will present the modification and refurbishments to the TVS s infrastructure
systems and other associated systems that were in need of upgrades. The material will be presented in the order that the
systems were phased-in, namely: Phase I - Vacuum Integrity: Whereby the vacuum systems were repaired, upgraded and
brought on-line, and the chamber s vacuum integrity was certified. These repairs and certifications will be presented. Phase
IT - Liquid Nitrogen (LN2) Cooling Capability: Whereby the liquid nitrogen delivery systems were repaired, and the
distribution systems modified with accommodations for recovery system components, as well as a new liquid nitrogen flood
mitigation system. The resulting layout will be put forward. Phase III - Thermal Recovery System: The entire recovery strategy
for the chamber was reviewed and scrutinized. The resulting findings had a profound affect on the systems required for the
safe and efficient recovery of the chamber. The findings and the resulting systems will be presented. Phase IV - Liquid
Nitrogen Recirculation System (LNRS): Formerly known as the Skid System, the LNRS had been repaired piece-meal over
the years, this resulted in a rather problematic system. The upgrade and rework of the system will be presented. In addition
to describing the activities that were performed on the TVS5, the issues still outstanding with the facility will be discussed.
Author
Thermal Simulation; Vacuum Systems; Vacuum Chambers; Liquid Nitrogen; On-Line Systems
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20050203846 NASA Glenn Research Center, Cleveland, OH, USA
Phased-Array Measurements of Single Flow Hot Jets
Bridges, James; Lee, Sang Soo; July 2005; 24 pp.; In English; 11th Aeroacoustics Conference, 23-25 May 2005, Monterey,
CA, USA
Contract(s)/Grant(s): WBS 22-731-30-62
Report No.(s): NASA/TM-2005-213826; E-15185; AIAA Paper 2005-2842; No Copyright; Avail: CASI; A03, Hardcopy

A 16 microphone phased-array system has been successfully applied to measure jet noise source distributions. In this
study, a round convergent nozzle was tested at various hot and cold flow conditions: acoustic Mach numbers are between 0.35
and 1.6 and static temperature ratios are varied from cold to 2.7. The classical beamforming method was applied on
narrowband frequencies. From the measured source distributions locations of peak strength were tracked and found to be very
consistent between adjacent narrowband frequencies. In low speed heated and unheated jets, the peak source locations vary
smoothly from the nozzle exit to downstream as the frequency is decreased. When the static temperature ratio was kept
constant, the peak source position moved downstream with increasing acoustic Mach number for the Strouhal numbers smaller
than about 1.5. It was also noted that the peak source locations of low frequencies occur farther downstream than the end of
potential core.
Author
Jet Flow; Phased Arrays; Aeroacoustics, Jet Aircraft Noise

20050203855
Liquid flow and distribution in unsaturated porous media
[2004]; 1 pp.; In English; Gordon Research Conference on Flow and Transport, 11-15 Jul. 2004, Oxford, UK, UK; No
Copyright; Avail: Other Sources; Abstract Only

Flow and transport in permeable or porous media and microchannels occurs in a variety of situations in micro- and
reduced-gravity environments, many of them associated with environmental control and life support systems. While the role
of gravity is limited, due to the typically small size scales associated permeable media, gravity, at the very least, affects the
overall disposition of fluid in a macroscopic system. This presentation will discuss examples where the absence of gravity
affects flow and phase distribution in selected examples of unsaturated flow and transport of heat and mass in porous media
and microchannels that are pertinent to spacecraft systems.
Author
Liquid Flow; Porosity; Media; Unsaturation (Chemistry); Flow Distribution

20050203862 National Center for Microgravity Research on Fluids and Combustion, Cleveland, OH, USA
Capillary-Driven Flow in Liquid Filaments Connecting Orthogonal Channels
Allen, Jeffrey S.; [2005]; 1 pp.; In English
Contract(s)/Grant(s): NCC3-975; No Copyright; Avail: Other Sources; Abstract Only

Capillary phenomena plays an important role in the management of product water in PEM fuel cells because of the length
scales associated with the porous layers and the gas flow channels. The distribution of liquid water within the network of gas
flow channels can be dramatically altered by capillary flow. We experimentally demonstrate the rapid movement of significant
volumes of liquid via capillarity through thin liquid films which connect orthogonal channels. The microfluidic experiments
discussed provide a good benchmark against which the proper modeling of capillarity by computational models may be tested.
The effect of surface wettability, as expressed through the contact angle, on capillary flow will also be discussed.
Author
Fluid Management,; Capillary Flow; Fluidics; Water; Gas Flow

20050203865 NASA Glenn Research Center, Cleveland, OH, USA
Carbon-Carbon Recuperators in Closed-Brayton-Cycle Nuclear Space Power Systems: A Feasibility Assessment
Barrett, Michael J.; Johnson, Paul K.; [2004]; 1 pp.; In English; 2nd International Energy Conversion Engineering
Conference, 16-19 Aug. 2004, Providence, RI, USA
Contract(s)/Grant(s): 973-80-10; No Copyright; Avail: Other Sources; Abstract Only

The feasibility of using carbon-carbon recuperators in closed-Brayton-cycle (CBC) nuclear space power conversion
systems (PCS) was assessed. Recuperator performance expectations were forecast based on projected thermodynamic cycle
state values for a planetary mission. Resulting thermal performance, mass and volume for a plate-fin carbon-carbon
recuperator were estimated and quantitatively compared with values for a conventional offset-strip-fin metallic design.
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Material compatibility issues regarding carbon-carbon surfaces exposed to the working fluid in the CBC PCS were also
discussed.

Author

Brayton Cycle; Feasibility Analysis; Satellite Solar Energy Conversion; Temperature Effects; Thermodynamic Cycles; Closed
Cycles; Solar Cells

20050203874 NASA Glenn Research Center, Cleveland, OH, USA
Tip-Clearance Vortex Characterized With Three-Dimensional Digital Particle Image Velocimetry
John, W. Trevor; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
An optical measurement technique known as Three-Dimensional Digital Particle Image Velocimetry (3-D DPIV) was
used to characterize the tip clearance flow in NASA Glenn Research Center’s low-speed axial compressor. 3-D DPIV is a
technique in which a stereoscopic imaging system consisting of two cross-correlation cameras is used to record particles
entrained in a flow as a laser light sheet is pulsed at two instances in time. Although 3-D DPIV has been used elsewhere, this
is the first time it has been used to measure compressor tip clearance flows. In-house modifications of the DPIV system include
the use of effective seeding technology and a novel system to perform a priori calibrations at all five measurement planes,
greatly reducing facility run time. Computational fluid dynamics predictions, which are used to guide design changes toward
improving the efficiency and operating range of turbomachinery, can be verified and improved by comparison with 3-D DPIV
measurements of the actual tip clearance flow. This measurement campaign dealt with the characterization of the tip clearance
vortex in the first stage of a four-stage axial compressor. The tip clearance vortex is formed in compressors operating with a
clearance gap between the moving rotor blade tips and the stationary casing when a leakage flow, forced from the pressure
side of the blade over the blade tip, forms a vortical structure on the suction side of the blade. 3-D DPIV is ideally suited to
measure the clearance vortex for two reasons: (1) this technique captures the entire blade passage flow at one instant in time,
so that wandering of the vortex during the measurement does not smear out velocity gradients in the flow field, and (2) the
spanwise component of velocity changes sign across the vortex core, providing a more accurate measurement of the vortex
location than was available with previous two-dimensional measurement approaches. These two attributes of the data will
enable computational fluid dynamics researchers to validate their predictions to a level of accuracy not previously attainable.
In an effort to understand the effects of this flow phenomenon on the operation of the low speed axial compressor, data were
acquired at two mass flow coefficients: 0.395 (design operating point) and 0.35 (operating point just above stall). In order to
identify the spatial extent, location, and magnitude of the tip clearance vortex for each mass flow condition, data were acquired
at five equally spaced spanwise locations, from 90- to 100-percent span. The data presented shows a cross section of the tip
clearance vortex at 94-percent span and a mass flow coefficient of 0.395, where the color contours represent the radial velocity
component. The blue (flow towards the hub) and red (flow towards the casing) regions illustrate the extent of the tip clearance
vortex. The interface between the blue and red regions delineates the location of the vortex core.
Author (revised)
Computational Fluid Dynamics; Digital Techniques, Particle Image Velocimetry; Vortices; Blade Tips; Three Dimensional
Models

20050203951 NASA Marshall Space Flight Center, Huntsville, AL, USA
Advanced Computational Modeling of Vapor Deposition in a High-Pressure Reactor
Cardelino, Beatriz H.; Moore, Craig E.; McCall, Sonya D.; Cardelino, Carlos A.; Dietz, Nikolaus; Bachmann, Klaus;
Conference on Advances in Internet Technologies and Applications, with Special Emphasis on E-Education, E-Enterprise,
E-Manufacturing, E-Mobility, and Related Issues (CAITA-2004); [2004]; 13 pp.; In English; See also 20050203892; Original
contains color illustrations
Contract(s)/Grant(s): NAGS8-1686; NSF CHE-02-13467; Copyright; Avail: CASI; A03, Hardcopy; Available from CASI on
CD-ROM only as part of the entire parent document

In search of novel approaches to produce new materials for electro-optic technologies, advances have been achieved in
the development of computer models for vapor deposition reactors in space. Numerical simulations are invaluable tools for
costly and difficult processes, such as those experiments designed for high pressures and microgravity conditions. Indium
nitride is a candidate compound for high-speed laser and photo diodes for optical communication system, as well as for
semiconductor lasers operating into the blue and ultraviolet regions. But InN and other nitride compounds exhibit large
thermal decomposition at its optimum growth temperature. In addition, epitaxy at lower temperatures and subatmospheric
pressures incorporates indium droplets into the InN films. However, surface stabilization data indicate that InN could be grown
at 900 K in high nitrogen pressures, and microgravity could provide laminar flow conditions. Numerical models for chemical
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vapor deposition have been developed, coupling complex chemical kinetics with fluid dynamic properties.
Author
Reaction Kinetics; Vapor Deposition; Mathematical Models; High Pressure; Reactors; Thermal Decomposition

20050203984 NASA Glenn Research Center, Cleveland, OH, USA
Unitized Regenerative Fuel Cell System Gas Storage/Radiator Development
Jakupca, Ian; Burke, Kenneth A.; December 12, 2003; 1 pp.; In English; SAE Power Systems Conference, 2-4 Nov. 2004,
Reno, NV, USA
Contract(s)/Grant(s): WBS 319-20-J1; No Copyright; Avail: Other Sources; Abstract Only

The ancillary components for Unitized Regenerative Fuel Cell (URFC) Energy Storage System are being developed at
the NASA Glenn Research Center. This URFC system is unique in that it uses the surface area of the hydrogen and oxygen
storage tanks as radiating heat surfaces for overall thermal control of the system. The waste heat generated by the URFC stack
during charging and discharging is transferred from the cell stack to the surface of each tank by loop heat pipes. The heat pipes
are coiled around each tank and covered with a thin layer of thermally conductive layer of carbon composite. The thin layer
of carbon composite acts as a fin structure that spreads the heat away from the heat pipe and across the entire tank surface.
Two different sized commercial grade composite tanks were constructed with integral heat pipes and tested in a thermal
vacuum chamber to examine the feasibility of using the storage tanks as system radiators. The storage radiators were subjected
to different steady-state heat loads and varying heat load profiles. The surface emissivity and specific heat capacity of each
tank were calculated. The results were incorporated into a model that simulates the performance of similar radiators using
lightweight, space rated carbon composite tanks.
Author
Energy Storage; Heat Pipes; Regenerative Fuel Cells; Heat Radiators; Storage Tanks

20050203996 NASA Marshall Space Flight Center, Huntsville, AL, USA
CFD Code Validation of Wall Heat Fluxes for a G02/GH2 Single Element Combustor
Lin, Jeff; West, Jeff S.; Williams, Robert W.; Tucker, P. Kevin; [2005]; 15 pp.; In English; 41st ATAA/ASME/SAE Joint
Propulsion Conference, 10-13 Jul. 2005, Tucson, AZ, USA; Original contains color illustrations
Report No.(s): ATIAA Paper 2005-4524; No Copyright; Avail: CASI; A03, Hardcopy

This paper puts forth the case for the need for improved injector design tools to meet NASA s Vision for Space
Exploration goals. Requirements for this improved tool are outlined and discussed. The potential for Computational Fluid
Dynamics (CFD) to meet these requirements is noted along with its current shortcomings, especially relative to demonstrated
solution accuracy. The concept of verification and validation is introduced as the primary process for building and quantifying
the confidence necessary for CFD to be useful as an injector design tool. The verification and validation process is considered
in the context of the Marshall Space Flight Center (MSFC) Combustion Devices CFD Simulation Capability Roadmap via the
Simulation Readiness Level (SRL) concept. The portion of the validation process which demonstrates the ability of a CFD
code to simulate heat fluxes to a rocket engine combustor wall is the focus of the current effort. The FDNS and Loci-CHEM
codes are used to simulate a shear coaxial single element G02/GH2 injector experiment. The experiment was conducted a t
a chamber pressure of 750 psia using hot propellants from preburners. A measured wall temperature profile is used as a
boundary condition to facilitate the calculations. Converged solutions, obtained from both codes by using wall functions with
the K-E turbulence model and integrating to the wall using Mentor s baseline turbulence model, are compared to the
experimental data. The initial solutions from both codes revealed significant issues with the wall function implementation
associated with the recirculation zone between the shear coaxial jet and the chamber wall. The FDNS solution with a corrected
implementation shows marked improvement in overall character and level of comparison to the data. With the FDNS code,
integrating to the wall with Mentor s baseline turbulence model actually produce a degraded solution when compared to the
wall function solution with the K--E model. The Loci-CHEM solution, produced by integrating to the wall with Mentor s
baseline turbulence model, matches both the heat flux rise rate in the near injector region and the peak heat flux level very
well. However, it moderately over predicts the heat fluxes downstream of the reattachment point. The Loci-CHEM solution
achieved by integrating to the wall with Mentor s baseline turbulence model was clearly superior to the other solutions
produced in this effort.
Author
Computational Fluid Dynamics; Computer Programs; Wall Temperature; Injectors; Design Analysis; Temperature Profiles
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35
INSTRUMENTATION AND PHOTOGRAPHY
Includes remote sensors; measuring instruments and gages; detectors; cameras and photographic supplies; and holography. For aerial

photography see 43 Earth Resources and Remote Sensing. For related information see also 06 Avionics and Aircraft Instrumentation;
and 19 Spacecraft Instrumentation and Astrionics.

20050199444 NASA Glenn Research Center, Cleveland, OH, USA
Microscale Particulate Classifiers (MiPAC) Being Developed
Greenberg, Paul S.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

The NASA Glenn Research Center is developing microscale sensors to characterize atmospheric-borne particulates. The
devices are fabricated using MEMS (microelectromechanical systems) technologies. These technologies are derived from
those originally developed in support of the semiconductor processing industry. The resulting microsensors can characterize
a wide range of particles and are, therefore, suitable to a broad range of applications. This project is supported under a
collaborative program called the Glennan Microsystems Initiative. The initiative comprises members of NASA Glenn
Research Center, various university affiliates from the State of Ohio, and a number of participating industrial partners. Funding
is jointly provided by NASA, the State of Ohio, and industrial members. The work described here is a collaborative
arrangement between researchers at Glenn, the University of Minnesota, The National Institute of Standards and Technology
(NIST), and the Cleveland State University. Actual device fabrication is conducted at Glenn and at the laboratories of Case
Western Reserve University. Case Western is also located in Cleveland, Ohio, and is a participating member of the initiative.
The principal investigator for this project is Paul S. Greenberg of Glenn. Two basic types of devices are being developed, and
target different ranges of particle sizes. The first class of devices, which is used to measure nanoparticles (i.e., particles in the
range of 0.002 to 1 mm), is based on the technique of Electrical Mobility Classification. This technique also affords the
valuable ability of measuring the electrical charge state of the particles. Such information is important in the understanding
of agglomeration mechanisms and is useful in the development of methods for particle repulsion. The second type of device
being developed, which utilizes optical scattering, is suitable for particles larger than 1 mm. This technique also provides
information on particle shape and composition. Applications for these sensors include fundamental planetary climatology,
monitoring and filtration in spacecraft, human habitation modules and related systems, characterization of particulate
emissions from propulsion and power systems, and as early warning sensors for both space-based and ter-restrial fire detection.
These devices are also suitable for characterizing biological compounds such as allergens, infectious agents, and biotoxic
agents.
Author
Agglomeration; Charged Particles; Detection; Early Warning Systems; Micrometeorology

20050199462 NASA Glenn Research Center, Cleveland, OH, USA
Sub-Nyquist Distortions in Sampled One- and Two-Dimensional Signals Studied
Williams, Glenn L.; Research and Technology 2000; March 2001; 2 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

Hardware testing frequently involves the acquisition of waveform and instrumentation signals, which are often recorded
on waveform recorders, oscillographs, and video recorders. Years ago, the waveforms were viewed as analog records, as drawn
by a paper strip chart pen or electron beam on a cathode ray tube screen. One of the problems in the past was that the analog
electronics may not have been able to accurately display the full amplitude of a signal if the real-time signals exceeded the
frequency response bandwidth of the recording device. The advent of digital oscilloscopes, waveform recorders, and video
frame-grabbers solved many of the frequency response problems, though not all. A restriction on digital waveform acquisition
is well known by people in the instrumentation field. Put simply, the sampling frequency must be at least twice the frequency
of any signal to be sampled, or vice versa; the signals must be filtered so that none of the signal frequencies are higher than
one-half the sample rate (the Nyquist Limit). Then, per Shannon’s Sampling Theorem (1949, ref. 1), any sampled signal can
be reconstructed for viewing on a display device. If any signals exceed the Nyquist frequency limit, error signals called aliases
occur in the output display.
Derived from text
Digital Systems; Oscilloscopes; Nyquist Frequencies
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20050200844 Auburn Univ., AL USA
Chloroform-Treated Filamentous Phage as a Bioreceptor for Piezoelectric Sensors
Olsen, Eric V.; Sykora, Jennifer C.; Sorokulova, Iryna B.; Petrenko, Valery A.; Chen, I-Hsuan; Barbaree, James M.; Vodyanoy,
Vitaly J.; Jan. 2005; 52 pp.; In English
Report No.(s): AD-A435379; CI04-1125; No Copyright; Avail: CASI; A04, Hardcopy

Affinity-selected filamentous bacteriophage was induced to spherical forms (‘spheroids’) by chloroform treatment and
deposited to piezoelectric transducers by Langmuir-Blodgett to prepare biosensors for the detection of streptavidin and S.
typhimurium. ELISA confirmed affinity-selected phage specificity for streptavidin. Spheroid induction was optimized to
achieve greatest conversion yields as a function of solvent exposure time and concentration. Results from whole-virion
agarose gel electrophoresis indicated 27-fold phage aqueous dilutions mixed with equal volumes of chloroform for 60 s at
room temperature was adequate. Phage conversion to spheroids with subsequent binding to S. typhimurium was confirmed by
transmission electron microscopy. Spheroids for streptavidin and S. typhimurium prepared as either pure monolayers of phage
coat proteins or proteins reconstituted with phospholipids were evaluated by isotherm, elasticity, and transfer ratio analysis.
Results showed that spheroids combined with phospholipids produced a phage coat monolayer possessing higher elasticity and
transfer ratios than monolayers of phage coat proteins alone, resulting in spatially superior deposition to substrates and
subsequent firm binding of S. typhimurium that followed mass theory for piezoelectric transducers. Scanning electron
microscopy confirmed binding of streptavidin-coated beads and S. typhimurium to prepared biosensors. In summary,
spheroid-based sensors could be an effective analytical method for detecting and monitoring quantitative changes of bacterial
agents under any conditions that warrant their recognition.
DTIC
Bacteriophages; Bioinstrumentation; Biological Effects; Chloroform; Detection; Piezoelectric Transducers; Piezoelectricity;
Spheroids

20050200906 Naval Postgraduate School, Monterey, CA USA

Simulation of Performance of Quantum Well Infrared Photodetectors

Psarakis, Eftychios; Jun. 2005; 157 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435542; No Copyright; Avail: Defense Technical Information Center (DTIC)

In this thesis the performance of a step quantum well infrared photodetector, designed by Kevin Lantz (June 2002) and
experimentally studied by Michael Touse (September 2003) and Yeo Hwee Tiong (December 2004), was simulated in Matlab
using the transfer matrix method. The results, obtained by the Matlab problem, are compared with the experimental results,
in an attempt to make inferences about the optimum way of designing QWIP detectors. Simulation of the above implies
numerical solution of the Schroedinger equation, using algorithms and methods, which give accurate results. In our approach,
the transfer matrix method (TMM) was used with exponentials and Airy functions to represent the solutions to Schroedinger
equation under zero and non-zero bias, respectively. The calculated results were compared with the experimental data and
found to provide a good agreement which validated the accuracy of the model employed. In the final section of the thesis we
examine and simulate in Matlab the application of the extended Kalman filtering (EKF) to an infrared photodetector as a target
tracking mechanism to both maneuvering and non-maneuvering targets. When we used one sensor for tracking, the results
were reliable provided that the target did not maneuver. In the case of a maneuvering target the results were significantly
improved when we used both sensors for tracking.

DTIC
Infrared Detectors; Infrared Radiation; Photometers;, Quantum Wells; Simulation

20050200928 Naval Postgraduate School, Monterey, CA USA

Focusing ISAR Images using Fast Adaptive Time-Frequency and 3D Motion Detection on Simulated and Experimental
Radar Data

Brinkman, Wade; Jun. 2005; 143 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435580; No Copyright; Avail: Defense Technical Information Center (DTIC)

Optimization algorithms were developed for use with the Adaptive Joint Time-Frequency (AJFT) algorithm to reduce
Inverse Synthetic Aperture Radar (ISAR) image blurring caused by higher-order target motion. A specific optimization was
then applied to 3D motion detection. Evolutionary search methods based on the Genetic Algorithm (GA) and the Particle
Swarm Optimization (PSO) algorithm were designed to rapidly traverse the solution space in order to find the parameters that
would bring the ISAR image into focus in the cross-range. 3D motion detection was achieved by using the AJTF PSO to
extract the phases of 3 different point scatterers in the target data and measuring their linearity when compared to an ideal
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phase for the imaging interval under investigation. The algorithms were tested against both simulated and real ISAR data sets.
DTIC

Algorithms; Detection; Frequency Measurement; Radar Detection; Synthetic Aperture Radar

20050200953 Monterey Inst. for Research in Astronomy, Marina, CA USA

Irradiance Calibration of Space-Based Infrared Sensors

Walker, Russell G.; Jayaraman, Sumita; Cohen, Martin; Barker, Elizabeth; Jul. 2004; 21 pp.; In English

Contract(s)/Grant(s): F19628-98-C-0047; Proj-MSX8

Report No.(s): AD-A435636; MIRA-2004-AR05; AFRL-VS-HA-TR-2004-1161; No Copyright; Avail: CASI; A03, Hardcopy
The purpose of this work is to develop a basis for irradiance calibration of space-based infrared sensors. It is an extension

of previous work that fully defines the context of the calibration, and concepts of spectral composites and templates. We

discuss the work carried out during the past two years directed toward the production and release of Version 2.0 of the Air

Force Bright Spectra Atlas (AFBSA V2.0). This report is also the Explanatory Supplement for the AFBSA V2.0.

DTIC

Calibrating, Infrared Detectors; Irradiance

20050200970 Naval Postgraduate School, Monterey, CA USA

Propagation and Performance Analysis for a 915 MHz Wireless IR Image Transfer System
Felekoglu, Oktay; Jun. 2005; 97 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435661; No Copyright; Avail: Defense Technical Information Center (DTIC)

A 915 MHz wireless IR image transfer system, comprised of an IR-160 Thermal Camera and MDS iNet 900 transceivers,
was assessed for image transfer capabilities in different environments. Image transfer through natural and artificial obstruction,
the capability of transferring images under urban environments, and an exploration of interference issues associated with RF
communication links were investigated in detail. Concrete, wood, various construction materials, and building walls were
examined to assess indoor propagation capabilities. Data transmission through random trees, buildings, foliage under various
atmospheric conditions is also evaluated for outdoor system capabilities. A maximum free space range for acceptable IR image
transferring is determined as 23 miles for line of sight (LOS). Non line of sight (NLOS) urban environment measurements
revealed that urban path loss (15-60 dBm) is highly dependent on antenna orientation and obstruction geometry rather than
the T-R separation distance.

DTIC
Electromagnetic Wave Transmission; Infrared Imagery,; Reliability Analysis;, Wireless Communication

20050201024 Edgewood Chemical Biological Center, Aberdeen Proving Ground, MD USA
Testing of the Bio-Seeq (Smiths Detection Handheld PCR Instrument): Sensitivity, Specificity, and Effect of
Interferents on Yersinia Pestis Assay Performance
O’Connell, Kevin P.; Anderson, Patricia E.; Valdes, James J.; Bucher, Jennifer R.; Apr. 2005; 25 pp.; In English
Report No.(s): AD-A435765; ECBC-TR-437; No Copyright; Avail: CASI; A03, Hardcopy

Smiths Detection-Edgewood (SDE), Inc., recently developed a handheld PCR instrument, the Bio-Seeq(Federal
Registration), an updated, redesigned version of a small, portable PCR instrument previously known as Handheld Advanced
Nucleic Acid Analyzer (HANAA). The SDE developed the Bio-Seeq(Federal Registration) to provide a portable platform for
use by first responders to detect biological threats in civilian areas. To be ready for introduction into the marketplace, the
instrument must be accompanied by a menu of reagents that will enable the user to detect the presence of pathogens in
environmental samples. In previous work, SDE obtained probe and primer sequences constituting an assay for a gene present
in Yersinia pestis, the causative agent of plague. The SDE incorporated this probe and primer set into dried reagent beads,
which also contain reagents required for an internal control. These, in turn, are part of a self-contained sampling device that
contains buffer and the PCR reagent beads. This report details an analysis of the assay for Y. pestis, including the sensitivity
and specificity of the assay, and the effect of some common non-target (interferent) materials on the performance of the assay.
DTIC
Assaying; Biological Effects; Detection; Sensitivity

20050201588 Naval Undersea Warfare Center, Newport, RI USA

Time Keyed Information Transmission

Amidon, Charles P., Inventor; Mar. 2005; 14 pp.; In English

Report No.(s): AD-D020203; No Copyright; Avail: CASI; A03, Hardcopy
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A method and apparatus is described for enabling a single sensor to indicate a greater quantity of information about a
sensed event, or the occurrence of many different types of events. A sensor system employs a number of individual sensors
with single-use indication means (such as an explosive charge). Each individual sensor is equipped with a chronometer. The
sensors are programmed to transmit information through their single-use indication means at specific times with each specific
time being indicative of a particular type of event or of specific information about an event. A central monitor chronologically
records all sensor indications and compares indication times to a schedule of time keyed information to determine the nature
of each sensor indication.

DTIC
Data Transmission; Detectors; Vents

20050201594 Naval Undersea Warfare Center, Newport, RI USA
Man Overboard Beacon
Frank, Thomas A., Inventor; Feb. 2005; 12 pp.; In English
Report No.(s): AD-D020209; No Copyright; Avail: CASI; A03, Hardcopy

A user worn man overboard beacon that provides multiple indication means to alert a ship to an overboard crew person
and to assist in locating the crew person. The beacon device is contained in a housing attached to the clothing of the sailor
and is activated upon contact with seawater. A battery powers the multiple indicators contained in the housing, which include
a high intensity strobe light to provide a visual indication, an x-band radar patch antenna to transmit a radar signal indication
that can be detected by the ship’s radar system, and an acoustic transducer to project an acoustic signal indication that can be
detected by the ship’s sonar system.
DTIC

Beacons; Signal Transmission; Sound Waves; Visual Signals

20050201611 Massachusetts Inst. of Tech., Cambridge, MA USA
Direct Manufacture of Components with Local Control of Composition
Sachs, Emanuel; Jun. 2005; 46 pp.; In English
Contract(s)/Grant(s): N00014-01-1-1065
Report No.(s): AD-A435176; No Copyright; Avail: CASI; A03, Hardcopy

One of the great potentials of Solid Freeform Fabrication (SFF) is the ability to create parts which have different
composition in different locations. This capability stems from the fundamental additive nature of SFF technologies. Three
Dimensional Printing in particular is extremely flexible in this regard as material composition can be controlled not only
between layers but also within a layer by printing different materials into different locations in the layer. The purpose of this
work was to explore the potential of 3D Printing to create two different classes of components with local control of
composition; gradient index lenses (GRIN) and metallic components with local composition control. These two classes of
application are complimentary in that the GRIN lenses were made of glasses and were fabricated from extremely fine powders
handled in a slurry form while the metallic components were fabricated from larger powders that can be dry processed.
DTIC
Image Enhancement; Printing

20050203727 Johns Hopkins Univ., Laurel, MD, USA
Predicting and Measuring the Dynamic Response of the CRISM Instrument
Schaefer, Edward D.; Tomkiewicz, Robert L.; 23rd Space Simulation Conference Proceedings; [2005]; 1 pp.; In English; See
also 20050203713; No Copyright; Avail: CASI; AO1, Hardcopy; Available from CASI on CD-ROM only as part of the entire
parent document

This paper discusses both the dynamic analysis and testing aspects for qualifying the CRISM instrument. The CRISM
(Compact Reconnaissance Imaging Spectrometer for Mars) instrument is a visible-infrared hyper-spectral instrument for
NASA’s Mars Reconnaissance Orbiter (MRO) spacecraft which is scheduled for launch 2005. The CRISM instrument was
designed, analyzed and tested to take advantage of the force limiting qualification technique. Force limiting is the process by
which the interface forces between the instrument and the electro-dynamic shaker are limited to what is likely to occur when
the instrument is mounted on the spacecraft structure. Once in space the CRISM instrument utilizes a reciprocating a
cryo-cooler to maintain the temperature of the infrared detector at 77 degrees (K). This cryo-cooler generates many harmonics
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and sub-harmonics of the fundamental. This paper will discusses how these disturbance forces and moments were derived,
using signal analysis software.

Author

Imaging Spectrometers; Dynamic Response; Mars Probes; Dynamic Tests; Spacecraft Instruments

20050203990 NASA Glenn Research Center, Cleveland, OH, USA
Quantitative Multi-Scalar Raman Scattering Diagnostics in High-Pressure Flames
Nguyen, Quang-Viet; Kojima, Jun; July 19, 2004; 1 pp.; In English; 30th International Combustion Symposium, 25-30 Jul.
2005, Chicago, IL, USA; Original contains color illustrations
Contract(s)/Grant(s): WBS 22-714-20-05; No Copyright; Avail: CASI; AO1, Hardcopy
This poster presentation contains viewgraphs which summarize the design, operation, and resulting data of a Raman
scattering diagnostic system for spectroscopy of high pressure flames.
CASI
Diagnosis;, Raman Spectra; Combustion Physics;, Flames, High Pressure; Spectrometers

36
LASERS AND MASERS
Includes lasing theory, laser pumping techniques, maser amplifiers, laser materials, and the assessment of laser and maser outputs.

For cases where the application of the laser or maser is emphasized see also the specific category where the application is treated. For
related information see also 76 Solid-State Physics.

20050200912 Naval Postgraduate School, Monterey, CA USA

High Energy Laser Applications in a Surface Combatant: Terminal Phase Theater Ballistic Missile Defense, Low
Atmosphere Propagation, and Free Electron Laser Gain

Niles, Sean P.; Jun. 2005; 118 pp.; In English; Original contains color illustrations

Report No.(s): AD-A435558; No Copyright; Avail: Defense Technical Information Center (DTIC)

The Free Electron Laser (FEL) can provide the naval surface combatant with a directed energy weapon that can be used
against a large target set. Due to space constraints in a shipboard installation, an exploration is conducted to show the
feasibility of short Rayleigh length FELs using a FEL simulation. Low atmosphere engagements are discussed through the
modeling of a turbulence module for laser propagation in cruise missile defense applications. In particular, this thesis explores
the difficulties in engaging a short/medium range theater ballistic missile (TBM) in the terminal phase as an engagement
scenario in support of littoral operations using HELCoMES, developed by SAIC, as an engagement analysis tool. A concept
of operations (CONOPS) for the use of a FEL as an area. TBM defensive weapon is explored, using a unitary, high explosive
warhead model and extrapolations to other TBM warhead types.

DTIC
Ballistic Missiles; Free Electron Lasers; High Power Lasers, Laser Applications; Laser Outputs; Missile Defense; Navy;
Warfare; Weapon Systems

20050201034 Ohio State Univ., Columbus, OH USA
Metallurgical Factors Influencing Direct Laser Deposition of Metallic Powers for Unitized Structures
Fraser, Hamish L.; Williams, James C.; Jan. 2005; 14 pp.; In English
Contract(s)/Grant(s): F49620-01-1-0047
Report No.(s): AD-A435779; AFRL-SR-AR-TR-05-0292; No Copyright; Avail: CASI; A03, Hardcopy

The aim of this project is to investigate the possibility of making use of direct laser deposition techniques for the
production of unitized structures. Specifically, the research is directed at determining the metallurgical factors that influence
the process for this application. By so doing, it is intended to develop technologies which permit exploitation of the advantages
of this processing technique. This research that has been performed during the scope of this program has been considerable.
Specifically, the research has been focused on process optimization and baseline property determination, graded compositions
and the development of an associated combinatorial approach, the use of elemental blends, and the use of forging preforms.
These represent the four primary research areas in this program, as described in the narrative below.
DTIC
Deposition; Laser Deposition; Lasers
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20050201037 Michigan Univ., Ann Arbor, MI USA
Femtosecond Laser Assisted Health Monitoring of Critical Structural Components
Yalisove,; Jan. 2004; 3 pp.; In English
Contract(s)/Grant(s): FA9550-04-1-0136; Proj-Q908
Report No.(s): AD-A435785; AFRL-SR-AR-TR-05-0278; No Copyright; Avail: CASI; AO1, Hardcopy

STUDY of COLLATERAL DAMAGE to TURBINE BLADE MATERIALS DURING HIGH INTENSITY ULTRAFAST
LASER INTERACTION FEASIBILITY STUDY of LASER INDUCED BREAKDOWN; SPECTROSCOPY (LIBS) IN
ASSESSMENT of TURBINE BLADE HEALTH; FEASIBILITY STUDY of TERAHERTZ SPECTROSCOPY of
DETERMINATION of THERMAL BARRIER COATING THICKNESS; FEASIBILITY STUDY of TURBINE BLADE
RADIOGRAPHY USING ULTRAFAST LASER GENERATED X-RAYS.
DTIC

Health; Lasers; Protective Coatings; Structural Design

20050201068 Air Force Research Lab., Edwards AFB, CA USA

Direct Impulse Measurements of Ablation Processes from Laser-Surface Interactions
D’Souza, Brian; Ketsdever, Andrew; May 2005; 10 pp.; In English

Contract(s)/Grant(s): Proj-5026

Report No.(s): AD-A435844; No Copyright; Avail: Defense Technical Information Center (DTIC)

A torsional impulse balance has been developed as a new diagnostic tool to study fundamental processes in laser-surface
interactions. Of particular interest are the forces due to processes of laser ablation. With respect to the transfer of momentum,
direct measurements of the transient forces can lead to a better understanding and characterization of the efficiency of the
impulse that is possible under different configurations. The impulse balance has been designed and tested with a robust
calibration system to measure impulsive forces with resolution as low as several nano-Newton-seconds. Initial results of
impulses due to ablation from an Nd:YAG laser (532nm) on various metals and other materials are presented.

DTIC
Ablation; Electromagnetic Interactions; Impulses; Lasers; Surface Reactions

37
MECHANICAL ENGINEERING
Includes mechanical devices and equipment; machine elements and processes. For cases where the application of a device or the host

vehicle is emphasized see also the specific category where the application or vehicle is treated. For robotics see 63 Cybernetics,
Artificial Intelligence, and Robotics; and 54 Man/System Technology and Life Support.

20050199723 NASA Glenn Research Center, Cleveland, OH, USA, Lockheed Corp., USA
Design and Fabrication of a Stirling Thermal Vacuum Test
Oriti, Salvatore M.; [2004]; 16 pp.; In English; International Energy Conversion Engineering Conference (IECEC-2004),
16-19 Aug. 2004, Providence, RI, USA
Contract(s)/Grant(s): 22-972-20-01; No Copyright; Avail: CASI; A03, Hardcopy

A Stirling Radioisotope Generator (SRG110) is being developed for potential use on future NASA space science missions.
The development effort is being conducted by Lockheed Martin under contract to the Department of Energy (DOE). The
Stirling Technology Company supplies the free-piston Stirling power convertors, and NASA Glenn Research Center (GRC)
provides support to the effort in a range of technologies. This generator features higher efficiency and specific power compared
to the currently used alternatives. One potential application for the generator would entail significant cruise time in the vacuum
of deep space. A test has been conceived at GRC to demonstrate functionality of the Stirling convertors in a thermal vacuum
environment. The test article resembles the configuration of the SRG, however the requirement for low mass was not
considered. This test will demonstrate the operation of the Stirling convertors in the thermal vacuum environment, simulating
deep space, over an extended period of operation. The analysis, design, and fabrication of the test article will be described in
this paper.
Author
Fabrication; Thermal Vacuum Tests, Optimization; Radioisotope Heat Sources; Generators; Stirling Engines; Free-Piston
Engines
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20050199728 NASA Glenn Research Center, Cleveland, OH, USA, Mohawk Innovative Technology, Inc., NY, USA,
Williams International, Walled Lake, MI, USA
Oil-Free Turbomachinery Team Passed Milestone on Path to the First Oil-Free Turbine Aircraft Engine
Bream, Bruce L.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
The Oil-Free Turbine Engine Technology Project team successfully demonstrated a foil-air bearing designed for the core
rotor shaft of a turbine engine. The bearings were subjected to test conditions representative of the engine core environment
through a combination of high speeds, sustained loads, and elevated temperatures. The operational test envelope was defined
during conceptual design studies completed earlier this year by bearing manufacturer Mohawk Innovative Technologies and
the turbine engine company Williams International. The prototype journal foil-air bearings were tested at the NASA Glenn
Research Center. Glenn is working with Williams and Mohawk to create a revolution in turbomachinery by developing the
world’s first Oil-Free turbine aircraft engine. NASA’s General Aviation Propulsion project and Williams International recently
developed the FJX-2 turbofan engine that is being commercialized as the EJ-22. This core bearing milestone is a first step
toward a future version of the EJ-22 that will take advantage of recent advances in foil-air bearings by eliminating the need
for oil lubrication systems and rolling element bearings. Oil-Free technology can reduce engine weight by 15 percent and let
engines operate at very high speeds, yielding power density improvements of 20 percent, and reducing engine maintenance
costs. In addition, with NASA coating technology, engines can operate at temperatures up to 1200 F. Although the project is
still a couple of years from a full engine test of the bearings, this milestone shows that the bearing design exceeds the expected
environment, thus providing confidence that an Oil-Free turbine aircraft engine will be attained. The Oil-Free Turbomachinery
Project is supported through the Aeropropulsion Base Research Program.
Author
Aircraft Engines; Turbomachinery; Gas Bearings; General Aviation Aircraft; Turbine Engines

20050201777 Murcia Uniyv., Spain
easyTransport: An Interoperable and Secure e-ticketing Model based on Contactless Smart Cards
GomezSkarmeta, Antonio F.; MartinezPerez, Gregorio; YagoSanchez, Carmen M.; The IPSI BgD Transactions on Advanced
Research Volume 1, Number 1; January 2005, pp. 29-35; In English; See also 20050201770; Copyright; Avail: CASI; A02,
Hardcopy

The introduction and use of electronic ticketing (e-ticketing) is an element of key importance for the good deployment
of the public and private transport area across the world. In fact, it not only produces benefits for passenger transport operators,
but it also creates an infrastructure, especially in urban areas, which can be used easily by other sectors. The use of secure
infrastructures to support the payment and management of such kind of e-services is a growing area of interest. This article
provides an overview of the current state of the art regarding e-ticketing systems, mainly in Europe, and describes a new
proposed architecture, named easyTransport, based on the use of contactless smart cards, and where important items for an
e-ticketing schema are in place, such as, ease of use, interoperability, standard-based, and multi-application.
Author
Electronic Control; Interoperability; Cards;, Mathematical Models, Systems Engineering; Transportation

20050201888 NASA Glenn Research Center, Cleveland, OH, USA, Stirling Technology Co., Kennewick, WA, USA,
Russian Inst. for Aviation Materials, Moscow, Russia
Integrated Stirling Convertor and Hall Thruster Test Conducted
Mason, Lee S.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
An important aspect of implementing Stirling Radioisotope Generators on future NASA missions is the integration of the
generator and controller with potential spacecraft loads. Some recent studies have indicated that the combination of Stirling
Radioisotope Generators and electric propulsion devices offer significant trip time and payload fraction benefits for deep space
missions. A test was devised to begin to understand the interactions between Stirling generators and electric thrusters. An
electrically heated RG- 350 (350-W output) Stirling convertor, designed and built by Stirling Technology Company of
Kennewick, Washington, under a NASA Small Business Innovation Research agreement, was coupled to a 300-W SPT-50
Hall-effect thruster built for NASA by the Moscow Aviation Institute (RIAME). The RG-350 and the SPT-50 shown, were
installed in adjacent vacuum chamber ports at NASA Glenn Research Center’s Electric Propulsion Laboratory, Vacuum
Facility 8. The Stirling electrical controller interfaced directly with the Hall thruster power-processing unit, both of which were
located outside of the vacuum chamber. The power-processing unit accepted the 48 Vdc output from the Stirling controller
and distributed the power to all the loads of the SPT-50, including the magnets, keeper, heater, and discharge. On February
28,2001, the Glenn test team successfully operated the Hall-effect thruster with the Stirling convertor. This is the world’s first
known test of a dynamic power source with electric propulsion. The RG-350 successfully managed the transition from the
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purely resistive load bank within the Stirling controller to the highly capacitive power-processing unit load. At the time of the
demonstration, the Stirling convertor was operating at a hot temperature of 530 C and a cold temperature of -6 C. The linear
alternator was producing approximately 250 W at 109 Vac, while the power-processing unit was drawing 175 W at 48 Vdc.
The majority of power was delivered to the Hall thruster discharge circuit operating at 115 Vdc and 0.9 A. Testing planned
for late 2001 will examine the possibility of directly driving the Hall thruster discharge circuit using rectified and filtered
output from the Stirling alternator.

Author

Stirling Cycle; Converters; Hall Thrusters, Test Facilities

20050201895 NASA Glenn Research Center, Cleveland, OH, USA
Overall Traveling-Wave-Tube Efficiency Improved By Optimized Multistage Depressed Collector Design
Vaden, Karl R.; Research and Technology 2001; March 2002; 2 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
Depressed Collector Design The microwave traveling wave tube (TWT) is used widely for space communications and
high-power airborne transmitting sources. One of the most important features in designing a TWT is overall efficiency. Yet,
overall TWT efficiency is strongly dependent on the efficiency of the electron beam collector, particularly for high values of
collector efficiency. For these reasons, the NASA Glenn Research Center developed an optimization algorithm based on
simulated annealing to quickly design highly efficient multistage depressed collectors (MDC’s). Simulated annealing is a
strategy for solving highly nonlinear combinatorial optimization problems. Its major advantage over other methods is its
ability to avoid becoming trapped in local minima. Simulated annealing is based on an analogy to statistical thermodynamics,
specifically the physical process of annealing: heating a material to a temperature that permits many atomic rearrangements
and then cooling it carefully and slowly, until it freezes into a strong, minimum-energy crystalline structure. This minimum
energy crystal corresponds to the optimal solution of a mathematical optimization problem. The TWT used as a baseline for
optimization was the 32-GHz, 10-W, helical TWT developed for the Cassini mission to Saturn. The method of collector
analysis and design used was a 2-1/2-dimensional computational procedure that employs two types of codes, a large signal
analysis code and an electron trajectory code. The large signal analysis code produces the spatial, energetic, and temporal
distributions of the spent beam entering the MDC. An electron trajectory code uses the resultant data to perform the actual
collector analysis. The MDC was optimized for maximum MDC efficiency and minimum final kinetic energy of all collected
electrons (to reduce heat transfer). The preceding figure shows the geometric and electrical configuration of an optimized
collector with an efficiency of 93.8 percent. The results show the improvement in collector efficiency from 89.7 to 93.8
percent, resulting in an increase of three overall efficiency points. In addition, the time to design a highly efficient MDC was
reduced from a month to a few days. All work was done in-house at Glenn for the High Rate Data Delivery Program. Future
plans include optimizing the MDC and TWT interaction circuit in tandem to further improve overall TWT efficiency.
Author
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20050201898 NASA Glenn Research Center, Cleveland, OH, USA
Ti-48Al1-2Cr-2Nb Evaluated Under Fretting Conditions
Miyoshi, Kazuhisa; Lerch, Bradley A.; Draper, Susan L.; Raj, Sai V.; Research and Technology 2001; March 2002; 3 pp.; In
English; No Copyright; Avail: CASI; AO1, Hardcopy

Material parameters govern many of the design decisions in any engineering task. When two materials are in contact and
microscopically small, relative motions (either vibratory or creeping) occur, and fretting fatigue can result. Fretting fatigue is
a material response influenced by the materials in contact as well as by such variables as loading and vibratory conditions.
Fretting produces fresh, clean interacting surfaces and induces adhesion, galling, and wear in the contact zone. Time, money,
and materials are unnecessarily wasted when galling and wear result in excessive fretting fatigue that leads to poorly
performing, unreliable mechanical systems. Fretting fatigue is a complex problem of significant interest to aircraft engine
manufacturers. It can occur in a variety of engine components. Numerous approaches, depending on the component and the
operating conditions, have been taken to address the fretting problems. The components of interest in this investigation were
the low-pressure turbine blades and disks. The blades in this case were titanium aluminide, Ti-48Al-2Cr- 2Nb, and the disk
was a nickel-base superalloy, Inconel 718 (IN 718). A concern for these airfoils is the fretting in fitted interfaces at the dovetail
where the blade and disk are connected. Careful design can reduce fretting in most cases, but not completely eliminate it,
because the airfoils frequently have a skewed (angled) blade-disk dovetail attachment, which leads to a complex stress state.
Furthermore, the local stress state becomes more complex when the influence of the metal-metal contact and the edge of
contact are considered.
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20050201899 NASA Glenn Research Center, Cleveland, OH, USA
Thermal Cyclic Behavior of Thermal and Environmental Barrier Coatings Investigated Under High-Heat-Flux
Conditions
Zhu, Dongming; Lee, Kang N.; Miller, Robert A.; Research and Technology 2001; March 2002; 5 pp.; In English; No
Copyright; Avail: CASI; AO1, Hardcopy

Environmental barrier coatings (EBC’s) have been developed to protect silicon-carbide- (SiC) based ceramic components
in gas turbine engines from high-temperature environmental attack. With continuously increasing demands for significantly
higher engine operating temperature, future EBC systems must be designed for both thermal and environmental protection of
the engine components in combustion gases. In particular, the thermal barrier functions of EBC’s become a necessity for
reducing the engine-component thermal loads and chemical reaction rates, thus maintaining the required mechanical properties
and durability of these components. Advances in the development of thermal and environmental barrier coatings (TBC’s and
EBC'’s, respectively) will directly impact the successful use of ceramic components in advanced engines. To develop
high-performance coating systems, researchers must establish advanced test approaches. In this study, a laser high-heat-flux
technique was employed to investigate the thermal cyclic behavior of TBC’s and EBC’s on SiC-reinforced SiC ceramic matrix
composite substrates (SiC/SiC) under high thermal gradient and thermal cycling conditions. Because the laser heat flux test
approach can monitor the coating’s real-time thermal conductivity variations at high temperature, the coating thermal
insulation performance, sintering, and delamination can all be obtained during thermal cycling tests. Plasma-sprayed
yttria-stabilized zirconia (ZrO2-8 wt% Y203) thermal barrier and barium strontium aluminosilicate-based environmental
barrier coatings (BSAS/BSAS+mullite/Si) on SiC/SiC ceramic matrix composites were investigated in this study. These
coatings were laser tested in air under thermal gradients (the surface and interface temperatures were approximately 1482 and
1300 C, respectively). Some coating specimens were also subject to alternating furnace cycling (in a 90-percent water vapor
environment at 1300 C) and laser thermal gradient cycling tests (in air), to investigate the water vapor effect. All cyclic tests
were conducted using a 60-min hot-time temperature.
Author
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20050201905 NASA Glenn Research Center, Cleveland, OH, USA, NASA Goddard Space Flight Center, Greenbelt, MD,
USA
Facility and Methods Developed for Simulated Space Vacuum Ultraviolet Exposure Testing of Polymer Films
Dever, Joyce A.; Pietromica, Anthony J.; Stueber, Thomas J.; Sechkar, Edward A.; Messer, Russell K.; Research and
Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy

Vacuum ultraviolet (VUV) radiation of wavelengths between 115 and 200 nm produced by the Sun in the space
environment can degrade polymer films, producing changes in their optical, mechanical, and chemical properties. These
effects are particularly important for thin polymer films being considered for ultralightweight space structures, because, for
most polymers, VUV radiation is absorbed in a thin surface layer. The NASA Glenn Research Center has developed facilities
and methods for long-term ground testing of polymer films to evaluate space environmental VUV radiation effects. VUV
exposure can also be used as part of combined or sequential simulated space environmental exposures to determine combined
damaging effects with other aspects of the space environment, which include solar ultraviolet radiation, solar flare x-rays,
electron and proton radiation, atomic oxygen (for low-Earth-orbit missions), and temperature effects. Because the wavelength
sensitivity of VUV damage is not well known for most materials, Glenn’s VUV facility uses a broad-spectrum deuterium lamp
with a magnesium fluoride window that provides output between 115 and 200 nm. Deuterium lamps of this type were
characterized by the National Institute of Standards and Technology and through measurements at Glenn. Spectral irradiance
measurements show that from approximately 115 to 160 nm, deuterium lamp irradiance can be many times that of air mass
zero solar irradiance, and as wavelength increases above approximately 160 nm, deuterium lamp irradiance decreases in
comparison to the Sun. The facility is a cryopumped vacuum chamber that achieves a system pressure of approximately
5310(exp -6) torr. It contains four individual VUV-exposure compartments in vacuum, separated by water-cooled copper walls
to minimize VUV radiation and any sample contamination cross interactions between compartments. Each VUV-exposure
compartment contains a VUV deuterium lamp, a motor-controlled sample stage coupled with a moveable cesium iodide VUV
phototube, and two thermocouples for temperature measurement. The vacuum chamber and exterior equipment is shown. Each
VUV lamp is located at the top of the chamber with its projection-tube pushed through an O-ring compression fitting. The
lamp assemblies are located on ports that can be isolated from the rest of the vacuum chamber, permitting maintenance or
replacement of the lamps without breaking vacuum in the main chamber where the samples are located. A view of two of the
four interior VUV-exposure compartments, including the moveable sample stages and detector holders is also shown. Glenn
is using this facility to support testing of Next Generation Space Telescope sunshield materials that is being led by the NASA
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Goddard Space Flight Center and to develop an understanding of the wavelength, intensity, and temperature dependence of
VUV-induced polymer degradation.

Derived from text
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20050202004 Lawrence Livermore National Lab., Livermore, CA USA
X-Ray Absorption Characterization of Diesel Exhaust Particulates
Nelson, A. J.; Ferreira, J. L.; Reynolds, J. G.; Nov. 18, 1999; 12 pp.; In English
Report No.(s): DE2005-15013354; UCRL-JC-136533; No Copyright; Avail: Department of Energy Information Bridge

We have characterized particulates from a 1993 1 1.1 Detroit Diesel Series 60 engine with electronic unit injectors
operated using fuels with and without methylcyclopentadienyl manganese tricarbonyl (MMT) and overbased calcium
sulfonate added. X-ray photoabsorption (XAS) spectroscopy was used to characterize the diesel particulates. Results reveal
a mixture of primarily Mn-phosphate with some Mn-oxide, and Ca-sulfate on the surface of the filtered particulates from the
diesel engine.
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20050202076 NASA Glenn Research Center, Cleveland, OH, USA
High-Temperature Gas Sensor Array (Electronic Nose) Demonstrated
Hunter, Gary W.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; AO1, Hardcopy
The ability to measure emissions from aeronautic engines and in commercial applications such as automotive emission
control and chemical process monitoring is a necessary first step if one is going to actively control those emissions. One single
sensor will not give all the information necessary to determine the chemical composition of a high-temperature, harsh
environment. Rather, an array of gas sensor arrays--in effect, a high-temperature electronic ‘nose’--is necessary to characterize
the chemical constituents of a diverse, high-temperature environment, such as an emissions stream. The signals produced by
this nose could be analyzed to determine the constituents of the emission stream. Although commercial electronic noses for
near-room temperature applications exist, they often depend significantly on lower temperature materials or only one sensor
type. A separate development effort necessary for a high-temperature electronic nose is being undertaken by the NASA Glenn
Research Center, Case Western Reserve University, Ohio State University, and Makel Engineering, Inc. The sensors are
specially designed for hightemperature environments. A first-generation high-temperature electronic nose has been
demonstrated on a modified automotive engine. This nose sensor array was composed of sensors designed for hightemperature
environments fabricated using microelectromechanical-systems- (MEMS-) based technology. The array included a tin-oxide-
based sensor doped for nitrogen oxide (NOx) sensitivity, a SiC-based hydrocarbon (CxHy) sensor, and an oxygen sensor (O2).
These sensors operate on different principles--resistor, diode, and electrochemical cell, respectively--and each sensor has very
different responses to the individual gases in the environment. A picture showing the sensor head for the array is shown in the
photograph on the left and the sensors installed in the engine are shown in the photograph on the right. Electronics are
interfaced with the sensors for temperature control and signal conditioning, and packaging designed for high temperatures is
necessary for the array to survive the engine environment.
Author
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20050203749 Army Research Lab., Cleveland, OH, USA
Comparison Made of Operating Characteristics of Spiral Bevel Gears Manufactured Using Different Methods
Handschuh, Robert F.; Research and Technology 2001; March 2002; 3 pp.; In English; No Copyright; Avail: CASI; A0,
Hardcopy

Spiral bevel gears are important components on all current rotorcraft drive systems. These components are required to
operate at high speeds, high loads, and for an extremely large number of load cycles. In this application, spiral bevel gears